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PREFACE. 



By Altred H. Brooks. 



Since the discovery of stream tin in the York region by the Geo- 
logical Survey in 1900 the tin deposits of this district have been dis- 
cussed in several Survey publications. In all cases, however, the 
statements were based on investigations that were incidental to other 
work, and as this district had attracted much notice as a possible 
source of tin and considerable money had been spent in mining and 
prospecting, it appeared time, in the spring of 1907, to undertake a 
more thorough investigation. 

To this task Mr. Knopf was assigned, with instructions to make a 
careful study of the mineral deposits and, so far as time permitted, 
to determine the laws of their occurrence and origin. It was 
thought best to emphasize the more purely scientific phase of the 
investigation, for the commercial phase can best be solved by the 
mining expert and engineer. Therefore, those who expect to find 
in this volume a statement of the commercial value of individual ore 
bodies will be disappointed. In the opinion of the writer, however, 
the presentation of the chief facts regarding the mineralogy and 
geology of the tin deposits, together with a careful analysis of these 
data, will have more value to the district as a whole than any at- 
tempt to publish a statement of commercial features of individual 
ore bodies. Moreover, it has become an established policy in the 
Alaskan work not to attempt to sample ore bodies, as such work is 
believed to fall outside of the province of the Federal geologist, and 
obviously without careful sampling the valuation of any given de- 
posit is impossible. 

The reader should not infer from the foregoing remarks that this 
paper is regarded as a final statement on the occurrence and genesis 
of the tin deposits. Difficulty of access, limited exposures, and lack 
of time prevented Mr. Knopf from making exhaustive studies. It 
is believed, however, that this report marks a great advance in the 
knowledge of the subject. 
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INTRODUCTION. 



Stream tin was discovered in the York region of Seward PeninsuljC 
during the fall of 1900 as a heavy and objectionable constituent which 
accumulated in the sluice boxes of the placer-gold prospectors. Some 
of this material was brought to Washington by A. H. Brooks, of the 
United States Geological Survey, who was engaged in a hasty recon- 
naissance of the mineral resources of the region, and was identified 
as cassiterite.^ The discovery was soon heralded by the public press. 

The true nature and value of the mineral once known, search was 
directed toward finding a wider distribution of the stanniferous 
gravels and toward locating the bed-rock source of the cassiterite. 
Two factors combined to stimulate this search — the failure of the gold 
placers of the region and the high market price of metallic tin in 
recent years. Ever since their discovery the Alaskan tin deposits, as 
they are popularly styled, have continued to attract considerable 
attention from the mining public — an interest due in large part to 
the fact that there are no producing tin mines in the United States 
proper. 

Several reports of a preliminary character have been issued by 
the Geological Survey describing the geology and mineral resources 
of the York region, in which the chief deposits of tin occur. The 
presence of placer tin in Anikovik River and in its tributary, Buhner 
Creek, was first recorded by Brooks.^ On the basis of a reconnais- 
sance of the northwestern part of Seward Peninsula in 1901, Collier ^ 
was able to offer certain advice as to where search for lode tin might 
profitably be made. In 1903 he assisted a number of prospectors in 
making the original discovery of lode tin in Seward Peninsula and 

« A summary of the results given in this paper was published several months ago by 
Brooks, A. H., and others, in Mineral resources of Alaska ; report on progress of investi- 
gations In 1907 : Bull. U. S. Geol. Survey No. 345, 1908, pp. 251-267. 

* Brooks, A. H., A new occurrence of cassiterite in Alaska : Science, new ser., vol. 13, 
No. 328, 1901, p. 593. 

" Brooks, A. H., An occurrence of stream tin In the York region, Alaska : Mineral 
resources U. S. for 1900, U. S. Geol. Survey, 1901, p. 270. Also, A reconnaissance of 
the Cape Nome and adjacent gold fields of Seward Peninsula, Alaska, In 1900 (a special 
publication of the U. S. Geol. Survey), 1901, pp. 132-139. 

* Collier, A. J., Prof. Paper U. S. Geol. Survey No. 2, 1902, p. 49. 
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was able to publish the first aiitli^ntic information on the occurrence 
of cassiterite in place.* On rfeturmng from his examination of the 
Cape Lisbume coal field^^irf 11904, he spent a few days in the Yorh- 
region and noted the,pr6g;reSs of development in opening up the tiiM 
deposits.^ Later ^d^V^lopments, in the fall of 1905, were fully de- 
scribed by HegeX.V'** 

No mender 'qt'-the Survey visited the region in 1900, but numerouflE 
populaj-^ref^prts indicated that extensive development work was ina 
progre^*' X)wing to the fact that the earlier investigations, whidiB 
ijjierfev 'incidental to field work in other parts of Seward Peninsula^ 
• •!\^.^^^ hampered by lack of time and by the inade(|uate development 
'•: 'of the region, it was deemed advisable to give an entire field season- 
to an examination of the tin deposits, including those of Ear Moun- 
tain, which had not been ])reviously visited. With this purpose in- 
view, the writer was instructed to examine all known occurrences of 
tin ore in Seward Peninsula, giving especial attention to the origin, 
of the ores and the commercial importance of the field. P'ield work: 
was commenced at Tin City on June 23, and ended at Teller on Sep- 
tember 6, 1907. 

Acknowledgments are due for the many courtesies extended to the 
writer while in the region, and it is an especial pleasure to thank Mr. 
John Vatney, of Ear Mountain, Mr. M. R. Luther, of Tin City, and 
Messrs. William C. Randt and S. Read, of Lost River, for their gener- 
ous hospitality and substantial aid in furthering the field work. Thanks 
are also due Dr. W. T. Schaller, Dr. E. C. Sullivan, and Prof. E. F. 
Smith for assistance in chemical and mineralogical work. 

productio:n^ and prospecting. 

The total production of tin ore in the entire region to the close of 
1907 was about 160 tons of concentrates, all of which, except a few 
tons from lode deposits, came from the stream tin of Buck Creek. 

The approximate annual value of the tin production of the York 
district since mining began is as follows : 

Value of tin produced in York region, Alaska, 1902-1901. 

1902 $S, 000 

1903 - 14,000 

1904 8, 000 

1905 4,000 

1906 1 38,G40 

1907 - 20,000 

92, 040 

» Collier, A. J., Tin deposits of the York region, Alaska : Bull. U. S. (Jeol. Survey No. 225, 
1904. See also Bull. 229. 

* Collier, A. J., Recent development of Alaska tin deposits : Bull. U. S. Geol. Survoy 
No. 259, 1905, pp. 120-127. 

« Hess, F. L., The York thi region : Bull. U. S. (iool. Survey No. 284, 190G, pp. 145-in7. 
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GKOORAPFIY OF THE REOTON. 9 

At present four localities are being prospected for tin. They 
are included in an area of 400 square miles, about 100 miles northwest 
of the city of Nome, the supply point of the region. In geographic 
order from north to south these four localities are Ear Mountain^ 
Buck Creek, Cape Mountain, and Lost River. Ear Mountain occupies 
an isolated position 40 miles north of the others, which are grouped 
together in the York region at the west end of the continent. 

GEOGRAPHY OF THE REGION. 

The region here to be considered comprises the extreme western 
projection of Seward Peninsula, or that portion of the American Con- 
tinent which approaches nearest to Asia. On the northwest it is 
bounded by the Arctic Ocean, and on the southwest by Bering Sea — 
two bodies of water that are frozen over during seven months of the 
year. In 1907 navigation opened to Tin City, which is situated at the 
tip of the continent, on June 22, and a few days later the last of the 
ice had drifted northward through Bering Strait. During the open 
season gasoline schooners maintain a weekly service between Nome 
and points on Bering Sea, and a small passenger steamer, carrying the 
mail, calls every ten days while en route to Kotzebue Sound. A 
nominal ten-day mail service is thus afforded during the summer 
months, but a regular weekly service is obtained in the winter with 
sled and dog team. 

The topographic character of the region is well brought out on the 
map (PI. I). Toward the north the Arctic coastal plain forms a 
wide expanse of gently rolling topography with a relief of less than 
50 feet, and so heavily grown over with moss as to be practically im- 
passable to wagons. Numerous lakes dot the landscape, and the 
streams wind across the plain in tortuous courses, emptying into 
broad lagoons impounded behind barrier beaches. In the vicinity of 
Shishmaref Inlet the lower stretches of the streams are affected by the 
tidal ebb and flow. 

Toward the south the York Mountains rise abruptly from the 
coastal plain. They are an exceedingly steep and rugged group, with 
an average altitude of 2,500 feet. Broad stream valleys, however, 
penetrate the mountains from both the Bering and Arctic sides and 
render them easily accessible, so that wagons have been taken across 
them at a number of points without difficulty. Where the mountains 
abut upon tjie. Bering coast they are broken off by bold sea cliffs, and 
a magnificent terrace 1 to 4 miles wide with gentle seaward slope has 
been carved upon their flanks at an elevation of 600 to 800 feet." 
Westward this feature merges into the York Plateau — a level upland 
surface ranging in altitude from 200 to 600 feet. The larger streams 

« CoHler, A. J., A reconnaissance of the northwestern portion of Seward Peninsula, 
Alaska : Prof. Paper U. S. Gool. Survey No. 2, 1902, p. 37. 
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have cut wide, shallow valleys in this? plateau, and these furnish good 
wagon roadways of easy grade. 

The western extremity of the continent is marked by an isolated 
mountain mass, known as Cape Mountain, which rises sheer from the 
water's edge to a height of 2,250 feet. This impressive promontory, 
usually swathed in chill fogs, forms the American portal of Bering 
Strait. . 

There are no harbors in the region and consequently landing is 
often impossible on account of fog, surf, or storm. The nearest har- 
bor is that of Port Clarence, 20 miles distant. 

GENERAL GEOIiOGY. 

OUTLINE. ^. 

The sedimentary rocks of the tin region comprise chiefly limestones 
and slates, all probably of Paleozoic age. The oldest rocks are a 
series of impure arenaceous slates of undetermined age. These are 
overlain conformably by a thick formation of thin-bedded Ordovician 
limestones (Port Clarence limestone), which generally show no evi- 
dence of metamorphism. Near Cape Prince of Wales there is de- 
veloped a series of crystalline limestones with subordinate siliceous 
schists and quartzites. These rocks are of " Lower Carboniferous " 
age, and are faulted off against the slates to the east. Greenstones 
are common in the slates and a number of granite stocks have invaded 
the limestones. 

The youngest sediments of the region are the gravels, sands, and 
silts of the Arctic coastal plain. The distribution of the rocks is indi- 
cated on the sketch map (fig. 1), in which use has been made of the 
earlier published results. In the succeeding pages the "salient features 
of the various formations of the York region are briefly described, but 
no attempt is made to discuss the metamorphic rocks of Ear Mountain 
under the heading of general geology, inasnnich as their stratigraphic 
relations are unknown. 

SLATES NEAR YORK. 

In the vicinity of York a belt of slates 8 or 10 miles wide trends 
northwestward across the west end of Seward Peninsula. The slates 
are prevailingly of an impure arenaceous character and exhibit a 
variable degree of metamorphism throughout the area, though the 
great bulk of the series consists of but slightly metamorphosed rocks. 
Typical black clay slates are locally interstratified as thin beds with 
the more siliceous types. The arenaceous slates are as a rule more 
or less calcareous or dolomitic. Massive members of the series con- 
sist of fine-grained dolomitic sandstone. A graphitic siliceous schist 
(the graphite, however, is poorly individualized) represents the 
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highest phase of metamorphism in the York region, but this type has 
no great areal distribution. Petrographically the slates consist chiefly 
of comminuted quarta and feldspar, and as an accessory mineral a 
constant though minute amount of clastic brown tourmaline was 
noted from all parts of the area. In the dolomitic member the quartz 
grains are generally well rounded, and the carbonate, whose mag- 




nesian character was determined chemically, is commonly in the form 
of small rhombohedra scattered throughout the binding material. 

The degree of cleavage of the slates is variable. The rocks range 
from nearly massive — rocks little more than shales — to thinly fissile 
slates. Cleavage and stratification may coincide locally, but within 
a short distance may stand at right angles. Measurements of strike 
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and dip of the cleavage have little value on account of this abrupt 
variation, as the sedimentary banding can rarely be observed. These 
relations are best displayed in the beach section between York and 
Kanauguk Point. The slates are affected by faults, and one was 
noted to have offset a dike 400 feet. They are fractured and veined 
with quartz stringers, some of which carry cassiterite, blue tourma- 
line, arsenopyrite, and pyrite. 

The slates are faulted against a series of crystalline limestones on the 
west, and underlie the Port Clarence limestone conformablv on the east. 

PORT CLARENCE LIMESTONE. 

The Port Clarence limestone was so named by Collier <* on account 
of its tvpical exposure north of Port Clarence, where it occupies an 
area of 1,400 square miles. Here it comprises a thick volume of thin- 
bedded limestones of dense texture, generally unaffected by metamor- 
phism. F'our types of rock can be discriminated — an ash-gray vari- 
ety, a dark lead-gray variety, magnesian and tremolitic phases, and 
an argillaceous banded variety. The first two are the commonest 
types, and occur together in interst ratified beds. The dark lead -gray 
limestone forms massive beds up to G feet thick, but the ash-gray 
variety, which is fine grained, like lithographic stone, is thin bedded 
and commonly breaks into large, thin slabs whose surfaces are covered 
with fucoid fragments. • These limestones were found to be nonm.ig- 
nesian in the specimens examined, the ash-gray variety containing 
considerable aluminous material, and the dark lead-gray limestone 
being pure carbonate rock. Some beds of fine-grained dolomite occur 
in the Port Clarence formation, but on account of their close resem- 
blance to the prevailing dense-textured limestones their quantitative 
abundance is not known. Occasionally there occur interbedded with 
the normal Port Clarence limestones strata which show numerous 
small prisms of tremolite in random orientation. This is the highest 
degree of metamorphism displayed by the formation, except for 
purely local manifestations surrounding granitic intrusives. 

The basal portion and lower horizons of the Poi-t Clarence forma- 
tion consist of an impure banded limestone, the banding being 
produced by lamina) of argillaceous material. This phase is com- 
monly in a highly contorted condition (PL II, B). Locally, as at 
Cassiterite Creek, tremolite has been noted as an abundant constit- 
uent, though the possibility is not excluded that the amphibole 
may have been produced by the action of vein-forming agencies. 

In the Xost River region the Port Clarence has a thickness of 
2,000 feet. Collier ^ has indicated that the thickness may be as great 

« Collier, A. J., Reconnaissance of the northwestern portion of Seward Peninsula, 
Alaska : Prof. Paper U. S. Oeol. Survey No. 2, 1902, p. 18. 

«• Collier, A. J., Tin deposits of the Yoric region, Alaska : Bull. U. S. Geol. Survey No. 22», 
1904, p. 19. 
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as 5,000 feet, but on account of the prevalence of faults and shatter 
zones in this region it is probable that the smaller figure is more 
nearly correct. The dip of the limestone is usually low — ^bout 
20° N. — although it may reach as high as 60° along the upper course 
of Kanauguk Eiver. 

The Port Clarence limestone overlies the slates of the York region 
conformably. As exposed along the western flank of the York 
Mountains the basal argillaceous schistose limestones of the Port 
Clarence formation merge imperceptibly into members of the slates, 
the transitional zone being several hundred feet thick. The same 
relations are evident on the northwest flank of Brooks Mountain, 
where the transition is more abrupt, but is marked by an intimate 
interlamination of slate and limestone. The transition zone has 
been a zone of weakness, and exhibits more or less severe dynamic 
deformation. As already indicated, the lower horizons of the Port 
Clarence are acutely crumpled, locally passing into a brecciated 
condition. Viewed in the large, however, this phase maintains the 
appearance of undisturbed and simple structure, characteristic of 
the Port Clarence as a whole. 

Farther east, in the vicinity of Bay Creek, the Port Clarence 
limestone gives place to the graphitic, chloritic, and calcareous 
schists characteristic of the Nome region. The exact relations are, 
however, obscure. In the hills behind Teller Mission the limestone is 
highly argillaceous and in many places acutely contorted, indicating 
that the basal portion of the Port Clarence is exposed. According to 
this interpretation the Port Clarence is regarded as folded into a 
synclinorium, with one limb exposed on the western flank of the York 
Mountains and the other at Bay Creek. Subordinate folds have 
brought the underlying slates into the zone of erosion in isolated 
areas, as at Brooks Mountain and California River. 

The age of the Port Clarence limestone, according to Collier,* is 
either Ordovician or Silurian. The writer found at the head of 
Cassiterite Creek a few poorly preserved fossils, which, as identi- 
fied by Kindle, appear to belong to the genera Raphistoma and 
Liospira^ indicating an Ordovician age. 

LIMESTONE NEAR PALAZRUK. 

Between the granite headland of Cape Prince of Wales and the 
mouth of Baituk Creek is a belt of crystalline limestone, which is 
finely' exposed in the cliffs that front Bering Sea. Sericitic siliceous 
schists, phyllites, and thin-bedded white quartzite are present, but are 
of very subordinate importance. The siliceous schists find their main 

• Collier, A. J., The gold placers of a part of Seward Peninsula : Bull. U. S. Geol. Survey 
No. 328, p. 79. 
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development on Cape Mountain, where they are apparently 300 feet 
thick, and overlie the limestone capping the summit of the granite 
stock. 

A striking feature of the limestone is the variable degree of meta- 
morphism which it exhibits in different parts of the area. It varies 
from a dense-textured dark-blue limestone on the north side of Cape 
Mountain to a faintly schistose snow-white marble in the section ais- 
played along Bering Sea. 

The thermal metamorphism produced by the granite invasion is 
strictly local in character. Marmorization extends 200 feet from the 
intrusive at a maximum, producing a coarsely granular aggregate of 
calcite crystals several millimeters in diameter. The calcareous 
quartzites, however, remain unaffected at this distance. In the lime- 
stone patch overlying the granite the siliceous lamina? have been con- 
verted into wollastonite bands which exhibit a remarkable degree of 
minute crinkling. Some phases of the limestone show a development 
of metamorphic minerals unconnected with the presence of visible 
intrusives. In the old sea cliff 1 mile east of Tin City a series of in- 
terstratified ash-gray and dark-blue beds, each individually a few feet 
or less in thickness, show numerous foils of phlogopite, long prisms 
and radial groups of tremolite, and cubes of pyrite. Phlogopite is 
areally the most persistent mineral, and the phlogopite-bearing lime- 
stone can be traced as far west as the head of Cape Creek. A cer- 
tain original content of magnesia is indicated by the formation of 
phlogopite and tremolite and can be detected chemically in the car- 
bonate of the dark-blue limestone. Whether the formation of these 
minerals is due to thermal metamorphism is an open question, but 
the field evidence suggests that it has been caused by the same agency 
which produced the crystalline marbles — namely, a mild regional 
metamorphism. 

The structure within the limestone area is prevailingly simple. 
The beds lie nearly horizontal, with a slight easterly dip. Here and 
there rolls with dips up to 20° occur. Locally individual strata are 
acutely crumpled and doubled back upon themselves. On the basis 
of relative degree of metamorphism this limestone would be regarded 
as the oldest formation in the York region, but paleontologic evi- 
dence procured by Collier <* has shown it to be of Mississippian 
("Lower Carboniferous") age — ^younger than the less highly meta- 
morphosed Port Clarence limestone 8 miles east of it. The limestone 
appears to be faulted against the slates on the east. Both formations 
are lying flat near the contact, though locally the limestone may show 
almost vertical dips. The line of contact, however, does not follow 
the contours as it should if one horizontal formation were resting 

« Collier, A. J., The gold placers of a part of Seward Peninsula: Bull. U. S. Geol. 
Survey No. 328, p. 81. 
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upon the other, but cuts across them indifferently. Furthermore, va- 
rious friction breccias are found in the vicinity of the contact, and an 
abundant quartz veination occurs in the slates. These features — ^the 
shattering,' crushing, and local dragging of the strata, and the fact 
that the contact is independent of the topography — indicate that the 
limestone is. cut off to the east by a fault. 
«*. 

SURFICIAL DEPOSITS. 

Surficial deposits have a relatively small distribution in the York 
region. They comprise the shallow gravels of the present streams 
and the beach deposits of the narrow coastal shelf bordering Bering 
Sea. Toward the north, however, all bed rock is mantled by the 
silts and gravels beneath the low-rolling arctic tundra that stretches 
between Cape Prince of Wales and Cape Espenberg.® 

Some of the stream gravels contain local concentrations of gold 
and placer tin, and are therefore of economic interest. 

IGNEOUS ROCKS. 

Four stocks of granite are intrusive into the limestones of the 
region, all quartzose orthoclase granites containing subordinate 
amounts of sodic oligoclase and biotite, and all prevailingly of a 
coarsely granular porphyritic habit. They appear to represent con- 
temporaneous intrusions ; and as the granite at Cape Prince of Wales 
is known to invade limestones of "Lower Carboniferous " (Missis- 
sippian) age, it is probable that all are post-Mississippian. Together 
with related quartz-bearing porphyry dikes, they are the most im- 
portant igneous rocks of the region, inasmuch as the tin deposits 
are directly associated with them, and their description is therefore 
given in greater detail under the separate localities at which each 
occurs. 

Greenstones of diabasic character are common in the slate area 
near York. Where their relations can be determined they are found 
to be present as intrusive sills. The texture of the greenstones ranges 
from aphanitic to coarsely granular, and petrographic examination 
shows that they are composed essentially of chloritized augite and 
altered plagioclase in ophitic arrangement, with abundant accessory 
ilmenite and leucoxene. In many places the alteration is exceedingly 
thorough, but the rocks are unaffected by shearing. 

Narrow basalt dikes of rare occurrence are found cutting both 
limestones and granite, and are therefore the youngest igneous rocks 
of the region. 

« Collier, A. J., Prof. Paper U. S. Geol. Survey No. 2, 1902, p. 25. 
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MTNTERAIiOGY OF THE REGION. 

The world's supply of tin is obtained from cassiterite, the dioxide 
of tin (78.6 per cent Sn). At a very few places stannite, a complex 
sulphide of copper, tin, iron, and zinc, has been found in sufficient 
quantities to be raised as an ore, but apparently never for its tin. 
The stannite formerly found so abundantly in the Carn Brea mines 
in Cornwall was sold simply for the copper it contained.* In recent 
years only one occurrence is known, namely, at the Oonah mine in 
Tasmania,^ where an argentiferous stannite has been mined as a 
copper-silver ore. The tin was rejected as waste product, but ar- 
rangements were finally made with the smelter that for ore contain- 
ing at least 8 per cent of tin $5 per ton should be paid in addition to 
the ordinary returns for copper and silver. The latest reports from 
Tasmania indicate, however, that difficulty has been experienced in 
treating the stannite ore.^ At Borah Creek, New South Wales,* 
stannite is also found, and occurs associated with chalc:>pyrite, arseno- 
pyrite, and galena in a silver-quartz ore. With these two exceptions 
stannite is of rare occurrence and is not regarded as an ore of tin. 

Cassiterite is the only mineral likely to be of economic importance 
as a source of tin in the Seward Peninsula region. Stannite in as- 
sociation with galena and wolframite is known frt '^ne locality 
only, and there the prospective value of the deposit . probably in 
silver and tungsten, and not in tin. 

Placer gold is found with the stream tin of the Yo^ic region, but 
its paragenesis with relation to the cassiterite is unknown. 

The Seward Peninsula tin deposits are associated with granitic 
intrusives which have invaded various series of limestones. The 
magmas were rich in mineralizers and produced an intense pneu- 
matolytic contact metamorphism along their margins. Conspicuous 
among the products of this activity are the prevalent boron minerals, 
tourmaline, axinite, a boron vesuvianlte, ludwigite, and two magne- 
sian iron-tin borates new to science, which have been named hulsite 
and paigeite. Fluorite, scapolite, and chondrodite prove the presence 
of the halogens in the magmatic exhalations, and sulphur is indicated 
by the various metallic sulphides that have formed in the contaot- 
metamorphic rocks. 

A total of 52 minerals are listed from the region, IG of which have 
not previously been recorded and two of which are new species. 

Gold. — Some of the streams of the York region carry placer gold. 
In fact, the prevalence of an undesirable heavy brown mineral in the 

"Trans. Royal Geoi: Soc. Cornwall, vol. 7, p. 85. 

* Waller, G. A., Zeehan silver-lead mining field, Govt. Geol. Office, Tasmania, 1904. 
" Progress of the mineral industry for the quarter ending 30th September, 1907, 
Govt. Geol. Office, Tasmania, p. 10. 

«* Min. Res. New South Wales, Geol. Survey, New South Wales, p. 120. 
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sluice boxes of the placer-gold miners led to the discovery of cas- 
siterite and to the search for its bed-rock source. Placer gold is asso- 
ciated with the cassiterite of Buck Creek, the only locality from 
which there has been an actual production of stream tin, but no 
authentic figures are available as to the amount of gold obtained per 
ton of concentrates. Nuggets up to $20 have been obtained." 

Stibnite (SbgSg; 71.4 per cent antimony). — Some float stibnite, 
associated with purple fluorite, was found in the saddle at the head of 
Tin Creek by H. E. Angstadt, of the Survey party. 

Molybdenite. — Molybdenite occurs in sparing amount, associated 
with cassiterite, in the Lost River region. 

Galena, — On Brooks Mountain, galena, associated with an iron- 
rich zinc blende, occurs intergrown with minerals of contact-meta- 
morphic origin. The Ear Mountain occurrences are of similar nature. 
In the Lost River region it occurs in fracture zones in the Port Clar- 
ence limestone. One occurrence in this region is absolutely unique, 
namely, galena associated with stannite and wolframite in a vein 
filling of topaz and fluorite. 

Sphalerite. — Sphalerite (zinc blende) of contact-metamorphic 
origin is common on Brooks Mountain. It possesses a brilliant black 
luster identical with that of wolframite, with which mineral it has 
been confused. Analysis by W. T. Schaller shows that specimens con- 
tain 19 per cent of ferrous iron. It is distinguished from wolframite 
by its inferior gravity (sphalerite having a specific gravity of 4 and 
wolframite of 7.3), greater softness, and more complex cleavage. 
Wolframite shows but a single cleavage direction; sphalerite may 
show as many as six. Some thin quartz-tourmaline veinlets carrying 
pyrite and lustrous black sphalerite were found cutting the granite of 
Ear Mountain. In this material blowpi^De tests were necessary to dis- 
tinguish the sphalerite from wolframite. A small amount of sphal- 
erite of somewhat resinous apjiearance is found associated with the 
tin ore on Cassiterite Creek. 

Pyrrhotite, — Magnetic iron i)yrites, or pyrrhotite, is found, together 
with galena and sphalerite of contact-metamorphic origin, on Brooks 
Mountain. Considerable amounts of it occur in a copper prospect at 
the mouth of Tin Creek. Small amounts are disseminated in the 
pyroxene hornfels at Cape Mountain. Pyrrhotite is commonly re- 
garded as stannite throughout the tin region, but can infallibly be 
distinguished from that mineral by its magnetic character. 

Chalcopyrite. — Yellow copper pyrites, associated with pyrrhotite, is 
found in a fluorite gangue near the mouth of Tin Creek. The lime- 
silicate hornfels surrounding the granite of Ear Mountain is locally 
flecked with chalcopyrite. 



ir"^ 



« Oral communication by F. L, Hess. 
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Pyrite. — Irregular disseminations of pyrite occur in the granite of 
Cape Mountain. It is a common constituent in the tin ores of the 
region, and occurs in the form of rolled nuggets with the stream tin 
of Buck Creek. 

Arsenopyrite. — The silver-white sulphide of iron and arsenic occurs 
in considerable abundance in the tin ore of Cassiterite Creek, and is 
found in the contact-metamorphic deposits of Brooks Mountain, as- 
sociated with tourmaline, fluorite, sphalerite, etc. It occurs with 
actinolite and cassiterite in the Buck Creek region. 

Stannite (tin pyrites; 29.5 per cent copper, 27.5 per cent tin).— 
The rare mineral stannite, a sulphide of copper, tin, iron, and usually 
zinc, is known from Lost River only, where it occurs associated with 
galena and wolframite in a gangue of topaz and fluorite. The Alas- 
kan stannite gives a strong qualitative reaction for zinc. It has a 
brown-black color and a metallic luster, and possesses an imj>erfect 
cleavage. Stannite is a mineral whose identification in any particular 
case must be confirmed by chemical examination. 

Fluorite. — Fluorite occurs in a variety of ways throughout the 
region — as a contact-metamorphic mineral, as a gangue mineral of tin 
and of copper deposits, and as a metasomatic replacement of limestone 
adjoining stanniferous veinlets. It shows a variety of colors — purple, 
green, yellow, rose — and is also colorless, but the purple is the most 
common. Specimens from the Cassiterite lode show numerous cubes 
and, rarely, aggregates of columnar crystals. Fluorite is distin- 
guished from quartz by its relative softness and fine octahedral 
cleavage. A characteristic feature is its power of phosphorescence, 
which becomes highly conspicuous during the drying of ore samples. 

Quartz. — ^The granites of the region contain abundant quartz, which 
is prevailingly of a smoky character. The quartz porphyry dikes 
contain numerous sharply defined crystals of quartz, and these, too, 
are commonly smoky, and consequently have been mistaken for cas- 
siterite to some extent. Greasy milk-white quartz (" vein quartz ") 
carrying cassiterite forms stringers cutting the slates of the York 
area. 

Hematite. — ^Nuggets of red oxide of iron occur with the stream tin 
of Buck Creek. Hematite is used as a pigment by the Eskimos of 
Shishmaref Inlet. 

Ilmenite. — Ilmenite occurs as an abundant microscopic constituent 
of the greenstones, and is largely converted to leucoxene. 

Spinel. — Perfect little octahedra of black spinel are found associ- 
ated with chondrodite in contact-metamorphosed limestone near 
Read's galena prospect on Brooks Mountain. 

Magnetite. — Nuggets of magnetite (magnetic iron ore) are fairly 
common in the stream tin of Buck Creek. The ore is found in place 
in visible crystals and clumps associated with calcite, hulsite, and 
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vesuvianite on Brooks Mountain, and occurs also in narrow bands in 
contact-metamorphic limestone at Tin Creek. 

• Cassiterite (SnOj,* 78.6 per cent tin). — Cassiterite is a mineral 
which can not be positively identified by the eye alone. The only 
convincing test is the actual production, from specimens in question, 
of beads of metallic tin. On account of the difficulty of recognizing 
cassiterite the prospectors of the region have mistaken for it a great 
variety of minerals, including garnet, black tourmaline, augite in 
quartz porphyry dikes, pyroxene in contact-metamorphosed lime- 
stone, smoky quartz, vesuvianite, and wolframite. In color the 
Alaskan cassiterite varies from black to light yellowish or almost 
colorless. Some from Cape Mountain and Lost River was noted to 
show a fair degree .of cleavage, which increases its resemblance to 
pyroxene. The specific gravity of cassiterite is about 7 — considerably 
higher than that of the other minerals mistaken for it, except wol- 
framite. Crushing and panning may therefore serve as a rough test, 
a gray or colorless residue in the pan indicating cassiterite. But 
inasmuch as considerable useless prospecting has been done on min- 
erals mistaken for cassiterite, it seems advisable to test the suspected 
minerals for the only conclusive property of cassiterite — its ability 
to yield metallic tin. Pebbles and rolled grains of cassiterite occur- 
ring in stream gravels are known as stream tin. That of Buck Creek 
is prevailingly of a brown color, and much of it contains small 
cavities lined with clear, glassy, yellow crystals. Quartz adheres to 
many of the larger nuggets. 

Rutile, — Rutile occurs as a microscopic constituent in the granites 
of Cape Mountain. 

Pyrolusite. — Perfect dendrites, which are referred to pyrolusite, 
occur on the joint planes of the limestone near the Cassiterite lode! 

Limonite. — Limonite occurs very abundantly in the gossan of 
galena bodies in the Lost River region. 

CcHcite, — The limestones in immediate proximity to the granite 
bosses of the region have been converted into aggregates of coarse 
white calc spar in many places. On the Dolcoath lode, near Cassiter- 
ite Creek, finely crystallized cassiterite occurs embedded in coarsely 
crystalline calcite associated with danburite, tremolite, and topaz. 

Dolomite, — Certain strata of the Port Clarence limestone are com- 
posed of dolomite. It occurs also in the form of minute rhombo- 
hedra in some of the slates of the York area. 

Cerusite, — The gossan of a galena prospect on Tin Creek was 
noted to contain white crystals of cerusite (lead carbonate). 

Azurite. — Rock from the wolframite-topaz lode on Lost River is 
slightly incrusted with the blue copper carbonate, azurite, doubtless 
derived from the oxidation of stannite in the ore. 
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Feldspar, — Large porphyritic crystals of orthoclase and micro- 
dine occur in the granites of the region. Albite was detected as a 
constituent of the wolframite-quartz veins on Cassiterite Creek. 
Plagioclase is common in the igneous rocks of the region, and in the 
limestones as a metasomatic mineral. 

Pyroxene, — Large crystals of augite, up to 2 inches in size, occur as 
a constituent of a quartz porphyry dike on Ear Mountain. They 
are of brown color and rarely show cleavage visible to the eye. They 
have been mistaken for cassiterite and have occasioned considerable 
useless prospecting. Augite is approximately half as heavy as cas- 
siterite, and is readily fusible before the blowpipe. By this simple 
test with the blowpipe, were it available to the prospector, all the 
minerals usually mistaken for cassiterite, except smoky quartz, might 
be rejected from consideration. Pyroxene, probably near heden- 
bergite in composition, is common in the contact-metamorphosed 
limestone adjoining the granites of the region, particularly that of 
Cape Mountain. It resembles some of the cassiterite very closely, 
and the contact rocks have been prospected for tin. This fallacy 
is encouraged by the fact that the contact rocks are relatively heavy, 
having a weight corresponding to a 10 per cent quartz-tin ore. 

Wollastonite, — ^Wollastonite occurs on Cape Mountain in proximity 
to the granite, locally forming white masses up to 3 feet in thickness. 

Amphibole, — Tremolite, the colorless variety of amphibole, is 
prevalent in the form of glistening white fibers in the limestone ad- 
joining the cassiterite occurrences on Cassiterite Creek. It also 
occurs as fine radial groups in the limestone east of Tin City. The 
light-green variety, actinolite, constitutes the gangue material of 
some newly discovered tin-bearing rocks on Buck Creek. Horn- 
blende is common in the limestone adjoining cassiterite veinlets, 
and gives it a dark-green color. 

Gwniet. — ^As a product of contact metamorphism garnet is of 
widespread occurrence, the finest specimens coming from Tin Creek, 
on Lost River. It is commonly crystallized in rhombic dodecahedral 
forms, yielding diamond-shaped faces. Where only the apex of the 
dodecahedron is visible garnet bears a deceptive resemblance to the 
four-sided pyramid characteristic of cassiterite. Vesuvianite is 
usually associated with the garnet. 

Olivine, — Olivine forms part of the basalt dikes of Cape Mountain, 
and is noted only microscopically. 

Scapolite, — Chlorine-bearing scapolites are found in specimens of 
lime-silicate hornfels from Ear Mountain and Cape Mountain. Its 
identification is possible only by microscopical and chemical methods. 
In a number of specimens it was found that the birefringence, as 
indicated by the negative uniaxial interference figures, ranged from 
low to comparatively high values in the same thin section. ' 
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Vesuvianite. — Vesuvianite is one. of the commonest contact-meta- 
morphic minerals of the region. It is especially prevalent on Brooks 
Mountain and along the headwaters portion of Yankee Creek, where 
fine crystals showing ideal development occur in great abundance 
embedded in a matrix of coarsely crystalline calcite. The color of 
the vesuvianite is some tone of green, ranging from gray-green to 
brown-greei). The crystals are usually in the form of square prisms.® 
As radial aggregates and branching forms, vesuvianite associated 
with garnet is abundant near the granite of Tin Creek on Lost 
Kiver. It also forms metasomatically near stanniferous veinlets in 
limestones. 

Zircon, — Zircon is noted as a microscopic constituent of the gran- 
ites of the region. 

Danhurite. — The rare borosilicate of lime, danburite, was identified 
ai? the gangue material of cassiterite in the Dolcoath lode on Cas- 
siterite Creek, where it occurs as replacement both of the dike rock 
and of the contiguous limestones. (For partial analysis see p. 52.) 
The optical properties of the danburite in thin section are indecisive ; 
it is colorless and biaxial and shows the interference tints of feldspar 
and a relief near that of the associated tourmaline. 

Topaz. — ^As a constituent of the tin ore in the Lost River region 
topaz (fluosilicate of aluminum) is exceedingly abundant. It occurs 
in altered quartz porphyry dikes, as vein mineral in veinlets in lime- 
stones, and as a metasomatic product in the limestone adjoining such 
veinlets. It is commonly associated with fluorite and zinnwaldite. 
The most remarkable occurrence, however, is that on the Oregon 
claim, where delicately radial toj)az with subordinate fluorite forms 
ihe gangue of an argentiferous ore containing wolframite, galena, 
and stannite. (For analysis see p. 58.) 

Zoisite, — Zoisite occurs in small amount in lime-silicate hornfels 
on Ear Mountain. 

Epidote. — Radial groups of epidote are found on Brooks Mountain 
near the granite contact. 

Axinite, — Small crystalline aggregates of axinite occur in a tour- 
maline hornfels from Ear Mountain. It is highly glassy in appear- 
ance and of a peculiar brown color. Many of the crystal faces are 
striated and acute edged. Axinite also occurs microscopically in a 
contact-metamorphic deposit on Brooks Mountain, associated with 
tourmaline, fluorite, arsenopyrite, and sphalerite. 

Chondrodite. — Small honey-yellow crystals of chondrodite occur, 
together with numerous minute black octahedra of spinel, in a con- 
tact-metamorphosed limestone on Brooks Mountain. 

Tourmaline, — Tourmaline is exceedingly common throughout the 
entire region and is regarded by many of the local prospectors as an 

•Forms measured crystallographlcally are given Vn A.m. 3o\ix. ^eV., WCl ^^^., ^c\, *iSi> 
1W8, p. 323, 
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infallible indication of tin ore. Although it is true that tourmaline 
is pretty generally associated with cassiterite, it is far from true that 
cassiterite is always associated with tourmaline. Great deposits of 
tourmaline that carry no tin whatever are known in various parts of 
the world. 

In the Seward Peninsula tin region tourmaline occurs in a great 
variety of ways. It is found in granite apophyses on Ear Mountain 
as an original constituent (of the pneumatolytic stage of consolida- 
tion). It forms an essential mineral of the lime-silicate rocks sur- 
rounding the granite and occurs along seams and stringers in the 
granite itself, and in the quartz porphyry dikes with fluorite, arseno- 
pyrite, and possibly cassiterite. On Cape Mountain it is abundant 
in the granite, and also occurs embedded in coarsely granular calcite. 
In the Buck Creek area the quartz stringers contain small rosettes of 
blue tourmaline. It is common in the Lost River and Brooks Moun- 
tain regions. Black, dark blue, and more rarely brown green are 
the prevailing colors. It is commonly crystallized in three- and six- 
sided prisms and columns, generaUy arranged in radial groups. As 
a rule the columns are aggregated together, and it is therefore usually 
difficult or impossible to distinguish the geometric form of indi- 
vidual crystals. Tourmaline has a specific gravity of 3, or less than 
half that of cassiterite. This property and its form, where discern- 
ible, are its most characteristic differences from cassiterite, with 
which it has frequently been confounded. 

Muscovite, — White mica occurs at Ear Mountain in granite tongues 
extending from the central mass out into the surrounding sedimen- 
tary rocks. 

Zinnwaldite. — ^The lithium-iron mica, zinnwaldite, occurs abun- 
dantly in the cassiterite veinlets on Cassiterite Creek, and is habitually 
associated with topaz and fluorite. It resembles muscovite, both to 
the eye and under the microscope, but differs from it by possessing a 
smaller axial angle. It fuses readily to a black magnetic globule. 
(For analysis see p. 54.) 

Biotite. — The granites of the region contain black mica as a sub- 
ordinate constituent in the form of small lustrous plates. It occurs 
also in a pegmatite on Brooks Mountain, in plates up to one-half inch 
in size. 

Phlogopite. — Phlogopite, the magnesia mica, i!5 found as small 
flakes associated with vesuvianite in contact-metamorphosed lime- 
stone on Brooks Mountain, and with tremolite is abundant in the 
limestone east of Tin City. 

Chlorite. — Chlorite is common in the gieenstone of the slate area 
near York. 

Kaolin, — Kaolin occurs abundantly as an alteration product in the 
Cassiterite lode. 
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Apatite. — Apatite occurs as a microscopic constituent of the 
granites. 

Ludwigite (SMgO.B^Os+FeO.FeoOa).— A finely fibrous dark- 
green mineral, soluble in hydrochloric acid, forms small radial aggre- 
gates in a contact-metamorphosed limestone from Brooks Mountain. 
It gives a decided flame reaction for boron, and is therefore tentatively 
identified as ludwigite. 

Paigeite. — The new boron-tin mineral, paigeite,** was found at two 
localities, near Read's cabin on Brooks Mountain in loose blocks and 
at Ear Mountain in situ. The Brooks Mountain material is inter- 
grown with vesuvianite, calcite, and hedenbergite, with subordinate 
biotit« and arsenopyrite in sporadic grains. At Ear Mountain it 
occurs evenly disseminated through a tourmaline-lime-silicate horn- 
fels consisting essentially of calcite, tourmaline, vesuvianite, fluorite, 
and zoisite, with accessory phlogopite, chalcopyrite, and magnetite. 
It is a lustrous coal-black foliated mineral, and has a hardness of 
about 3, with a density of 4.71. Analysis of material from Brooks 
Mountain gave the following result, which is recalculated on the 
basis of 100 per cent; it contains probably 15 per cent SnOg : 

Analysis of paigeite fron\ Brooks Mountain. 

FeO - : 51.99 

MgO- - 1.68 

FeaOs - 19. 54 

H2O - 2.37 

S;::::;::;::::::;::::;:::::;:::::::::::::;::::;:::::i-- 



100.00 



Hulsite.^ — On the northwestern flank of Brooks Mountain a pros- 
pect cut has been opened on a showing of contact-metamorphic min- 
erals occurring in a marmorized limestone 10 feet from the granite 
contact. Examination of this deposit indicated that an unknown 
mineral, which subsequent investigation proved to be a new boron-tin 
mineral, was present in considerable abundance. Hulsite, as the min- 
eral was named, is closely associated with magnetite and a boron 
vesuvianite in a matrix of coarse calc spar, in which garnet and fluor- 
ite occur in subordinate amounts. The characteristic features of the 
new mineral are its strong submetallic luster, black color, good cleav- 
age after the prism of 57° 38^, and tendency toward a tabular 
development. Its hardness is about 3; density, 4.28. It contains 
probably 20 per cent SnOg.^ 

«» Knopf, A., aad Schaller, W. T., Two new boron minerals of contact-metamorphic 
origin : Am. Jour. Sci., 4th ser., vol. 25, 1908, p. 323. 

*Op. cit., p. 323. 

<» Chemical work is at present in progress by W. T. Schaller, with a view to determin- 
ing the formulse of hulsite and paigeite. It appears that the otisli^«A ^«t«i\siVj\a.\.\ssws. ^"t 
BsOs were defective, so tb&t the formulse proposed are \mteiva\Ae. 
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Wolframite (Fe^MnWO^; 7G.4 per c*eiit tungsten trioxide). — ^The 
valuable mineral wolframite occurs associated with cassiterite on 
Cassiterite Creek and with galena and stannite in a topaz-fluorite 
gangue on the Oregon claim on Lost River. Its distinguishing fea- 
tures are its great weight (specific gravity, 7.3), black color, and 
brilliant submetallic luster on fine cleavage surfaces. Its hardness is 
5.5, which means that it can be rather readily scratched with a knife. 
The resemblance of wolframite to the iron-rich zinc blend of Brooks 
Mountain has already been pointed out. 

Scheelite (CaWO^; 80.0 per cent tungsten trioxide). — ^The mineral 
scheelite has been detected as a microscopic constituent of certain 
lime — silicate contact rocks of Cape Mountain. It was also found as 
minute grains in a number of small cassiterite veinlets on Cassiterite 
Creek and in the altered limestone adjoining the veinlets. As an al- 
teration product it forms microscopic coatings around wolframite 
crystals. None of these occurrences are of possible commercial im- 
portance. Scheelite is a heavy white mineral of vitreous luster, 
having a specific gravity of 6 and a hardness ranging from 4.5 to 5. 

ECONOMIC GKOL.OGY. 

OUTLINE. 

Tin ore occurs in both lode and placi*r form, but up to the present 
time practically the only production has been from the placers of 
a single stream — Buck Creek. Placer tin is known to be widely 
distributed in the streams of Seward Peninsula,* and has been found 
in some of the gold placers near Nome, but in amounts that are com- 
mercially unprofitable. 

Cassiterite is the only mineral that is likely to prove of economic 
value as a source of tin. Stannite is also known to occur, but at one 
locality only, where it is associated with galena in a remarkable 
argentiferous wolframite-topaz ore. Two new tin minerals (mag- 
nesian iron-tin borates) have been discovered, but on account of their 
low tin content (approximately 1") per cent SnO^) are probably not 
worth exploitation. 

The lode-tin deposits are genetically associated with the granitic 
intrusives, and on account of the abundance of limestone in the region 
the Seward Peninsula tin occurrences possess a number of unique and 
distinctive features. A variety of pneumatolytic contact rocks have 
been produced around the margins of the granites, and certain of 
these contain the iron-tin borates (hulsite and paigeite) as essential 
constituents. The resemblance of numerous heavv contact-meta- 

« 

« Collier, A. J., Recent developments of Alaskan tin deposits : Bull. V. S. Geol. Survey 
No. 259, 1905, p. 127. 
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morphic minerals, such as garnet, to cassiterite, coupled with the fact 
that some of the contact-metamorphic rocks are actually stanniferous, 
has led to much prospecting along the granite-limestone contacts. 
Only one contact rock containing cassiterite in amounts appreciable 
under the microscope was found, however, during the course of the 
present investigation. 

Tin-bearing rock occurs also in tourmalinized granite, in fractured 
quartz porphyry dikes cutting limestone, and in the adjoining lime- 
stone itself, intergrown with danburite, tourmaline, tremolite, and 
topaz. Cassiterite is found in quartz stringers in granite, in slate, 
and in limestone, accompanied by an intense metasomatism. Veinlets 
in limestone may consist wholly of cassiterite, topaz, zinnwaldite, 
and fluorite. In the slate area cassiterite also occurs embedded in 
tabular masses of radial actinolite which appear to be interstratified 
with horizontal slates. 

Most of the prospects have been but imperfectly opened. Some 
are of promising character, but from the point of view of the con- 
servative mining man their value is yet to be demonstrated. 

Each of the four localities at which lode tin is being prospected — 
Ear Mountain, Buck Creek, Cape Mountain, and Lost River — shows 
certain distinctive features, so it has been found advisable to describe 
them separately in geographic order, as enumerated. To these has 
been added Brooks Mountain, on which some stanniferous contact- 
metamorphosed limestone has been found, though no cassiterite-bear- 
ing rock has yet been discovered there. 

, LODES. 

EAR MOUNTAIN. 
INTRODUCTION. 

Ear Mountain is located in the northwestern part of Seward Penin- 
sula, in latitude 66° north and longitude 166° west. It is 50 miles 
north of Teller and 15 miles south of Shishmaref Inlet, a large, shal- 
low embayment from the Arctic Ocean. The region is not readily 
accessible, and with the present means of communication it is prac- 
tically impossible to bring in supplies during the summer months. 
Steamers of light draft do not venture to approach nearer than 
within 1^ miles of Sarichef Island, at the mouth of Shishmaref Inlet, 
though gasoline schooners make landings directly on the island. 
The inlet itself is not navigable other than by oomiaks and flat- 
bottomed dories. The first steamer of the season of 1907 bound for 
arctic points passed northward through Bering Strait on July 2. 
At this time the last ice floes from the spring break-up were drifting 
out of Shishmaref Inlet. 
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Ear Mountain has long, smooth slopes on the north and east sides, 
but on the south and west sides rises abruptly above the tundra- 
covered plateau from an elevation of 1,000 feet to a maximum of 2,308 
feet above sea level. The mountain possesses two flat-topped sum- 
mits, of which the southern is slightly the higher. Two great granite 
monoliths rest upon the broad northern summit, and are visible, but 
as very diminished objects, from ships on the Arctic Ocean, 20 miles 
distant. They were noted by the early navigators, and from them the 
mountain received its rather fanciful name.' 

Cassiterite in the form of stream tin was accidently discovered on 
Eldorado Creek, on the northeast side of the mountain, in 1901. Nug- 
gets several inches in diameter can be picked off the bed-rock riffles 
of this stream, but on account of the small body of gravel the creek 
dSers no placer possibilities. The bed-rock source of this cassiterite 
has not yet been discovered. None of the rocks that are being pros- 
pected show visible cassiterite, and only a few show small amounts 
microscopically. Attention has lately been directed to some occur- 
rences of chalcopyrite and galena found in contact-metamorphic rock. 

GENERAL GEOLOGY. 

The rocks flanking Ear Mountain are prevailingly of a calcareous 
character, and comprise contorted limestone and lime-mica schists. 
On the south side of the mountain some black siliceous schists appear. 
Intrusive into these sedimentary rocks and forming the core of Ear 
Mountain is a large mass of coarsely crystalline granite from which 
numerous apophyses of fine-grained white granite extend into the 
surrounding sedimentary rocks. (See figs. 2 and 3.) The limestones 
were highly susceptible to contact metamorphism and succeeded to an 
unusual extent in fixing the magmatic emanations in such minerals as 
tourmaline, axinite, paigeite (a magnesian iron-tin borate), fluorite, 
scapolite, galena, and chalcopyrite. 

The youngest rocks of the region occur as quartz-augite porphyry 
dikes cutting both limestone and granite. The two most prominent 
of these dikes are 15 feet thick and can be traced for several thousand 
feet, striking N. 30° E. and north and south (magnetically). 

Granite. — ^The granite of Ear Mountain consists of feldspar (ortho- 
clase with subordinate amounts of oligoclase-albite and microperth- 
ite), quartz, and biotite. Both quartz and feldspar tend to assume 
idiomorphic forms, even in the coarsest grained phases. The quartz 
is smoky, and has not infrequently been mistaken by the prospector 
for cassiterite, especially where the color was more intense. Near the 
contacts the granite ia finer grained, and is, in many places, a typical 
granite porphyry. In the central portion of the main granite body 
a small area of this type of rock was found, but whether it represents 
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a mCTe variation in texture or a separate intrusion couid not be deter 
rained. Black tourmaline is common in the granite of Ear Moun 
tain, but is always asHociatcd witli scams consisting of quart? and 




Stundsntfda IimeHtMe and KhiBt Granite Quartz-augite pMvbyry 

Fiu. 2. — <ieDloi;Ic sketch mup of Ear Mountain. 

tourmaline, and adjoined by bands of tourmaliijized granite 2 or 3 
inches broad. The quartz-tourmaline seams, on' account of their re- 
sistance to htmospheric attack, weather out in 'relief. Several such 
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seams can be seen running up and down the " Ears " 
monoliths from which the mountain was named. 



■the granite 
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The offshoots from the main granite body are finer grained a»d 
lighter colored. They contain, besides quartz and feldspar, -white 
mica, and in many places numerous small prisms of tourmaline, eve»ly 
distributed throughout the body of the rock and unconnected with 
the presence of seams. In addition to the constituents visible to the 
unaided eye, the microscope shows a small amount of topaz. Some 
fluorite is associated with the muscovite, which, like the topaz, occurs 
in skeletal growths. Minute cassiterite prisms surrounded by pleo- 
chroic halos occur embedded in the muscovite. The tourmaline, 
which is brown, usually occurs in discrete prisms, but may also form 
skeletal growths. The three minerals — muscovite, topaz, and tourma- 
line — were formed after the feldspar and quartz, and apparently by 
similar processes. They are absent from the granite of the main 
mass, and indicate an enrichment of fluorine and boron in the 
apophyses. 

Contact ruetamorphism, — An extensive development of lime-silicate 
hornfels, rich in the so-called pneumatolytic minerals, has been pro- 
duced around the periphery of the granite mass. The limestones 
that were metamorphosed were originally impure limestones irregu- 
larly laminated with thin bands (one-eighth to one-fourth inch 
thick) of argillaceous material. The contact metamorphism has con- 
sisted in part in a recrystallization of the sedimentary material and 
in part in an accession of new material by magmatic emanations. 

The simplest case of contact metamorphism is that of the tourma- 
linized limestone formed on the south side of Eldorado Creek. Here 
the argillaceous lamina> have been converted into black tourmaline 
and the calcareous bands have been marmorized, producing a rock 
resembling a gneiss. The tourmaline is pleochroic in tones of blue 
and green. Tremolite has also beej^ developed, with diopside and 
vesuvianite in minor amounts. At other points along the contact 
the original banded character of the limestone is preserved, and even 
emphasized, by the production of trains of vesuvianite crystals. On 
Quartz Creek the limestones have been converted into pyroxene- 
scapolite hornfels. A prospect cut at this locality exposes a dark- 
(•olored rock, evenly flecked with a lustrous coal-black lamellar 
mineral, which subsequent investigation has shown to be a new 
boron-tin mineral, and which has been named paigeite.'* 

In addition to the paigeite, considerable tourmaline and minor 
amounts of chalcopyrite and magnetite are visible. Under the micro- 
scope the rock resolves itself into a confused intergrowth of zonally 
banded tourmaline, calcite, vesuvianite, zoisite, paigeite, fluorite, and 
accessory phlogopite, chalcopyrite, and magnetite. The paigeite is 
embedded in the various other constituents in trichite-like forms, 

"Am. Jour. Sci., 4th ser., vol. 25, 1908, p. 323. 
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many of which are of capillary dimensions, and in matted aggregates 
of fibers (PI. II, ^). Closely associated with this paigeite hornfels is 
a tourmaline-pyroxene-scapolite hornfels, which reacts chemically for 
chlorine. A prospect opening at the granite-limestone contact near 
Tuttle Creek reveals a tourmaline-axinite hornfels. The axinite is 
of highly vitreous appearance and of light-brown color, and is there- 
fore readily recognizable in the hand specimen. It reacts for boron 
and manganese. In thin section it is colorless with faint blue pleo- 
chroisms, but shows no recognizable cleavage, although agreeing 
otherwise in its optical properties with those cited by Rosenbusch. 
Tourmaline is quantitatively more important than the axinite in 
this hornfels. It is subhedral and in numerous places zonally banded, 
with pleochroism varying from blue to green. In addition to the 
tourmaline and axinite, actinolite, pyroxene, quartz, fluorite, and 
calcite are confusedly intergrown, though the last three minerals 
occur rather in minor amounts. Some cassiterite is found embedded 
in the other constituents in grains large enough to allow its optical 
identification beyond question. This tourmaline-axinite hornfels is 
the only contact-metamorphic rock containing cassiterite found in the 
entire Alaskan tin region, although a large number of such rocks were 
examined on account of the prevalent belief that they are tin bearing. 

Quartz-augite porphyry dikes. — The quartz-augite porphyry dikes 
consist of a dense-textured rock of dark-blue or green color contain- 
ing numerous phenocrysts of feldspar and smoky quartz, with lesser 
amounts of augite and biotite. The augites attain unusually large 
dimensions — as much as 2 inches or more — and are commonly re- 
garded as " tin crystals " by the local prospectors. The presence of 
these augite phenocrysts thus mistaken for cassiterite has led to con- 
siderable prospecting of the quartz porphyry dikes. In thin section 
the quartz phenocrysts are seen to be corroded and embayed; the 
plagioclase, which corresponds to bytownite (Abor.An^,.), is also cor- 
roded. Augite and biotite are rare. The groundmass consists of 
plagioclase laths approximating Ab4oAn^(, in composition, and they 
are disposed in fluxional arrangement. Apatite is unusually abun- 
dant. According to this characterization the dikes are augite dacites. 
Calcite and tourmaline are common as secondary minerals. Where 
tourmalinization has been more intense fluorite, arsenopyrite, and 
cassiterite appear. 

Two periods of tourmalinization can therefore be distinguished — 
one contemporaneous with the contact metamorphism and one follow- 
ing the intrusion of the augite dacite dikes. That a considerable 
lapse of time separated these periods is indicated by the fact that 
the granite now exposed to view had become thoroughly cooled 
during this interval and was able to chill the later intrusives. 
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In addition to vesuvianite, tourmaline, axinite, and other contact- 
metamorphic minerals, the contact rocks at certain localities are 
flecked with galena, chalcopyrite, and a lustrous coal-black iron-tin 
borate, which has been named paigeite. It is this type of rock which 
has raised hopes that copper and lead deposits of economic value 
exist at Ear Mountain. Cassitente-bearing rock also is believed 
by the prospector to occur along the contact at many points. 

The practical importance of imderstanding how the deposits were 
formed arises from the following considerations : 

(1) That the size and persistence of the deposits are dependent 
on the mode of origin. 

(2) That their probable value, besides being affected by the size 
and persistence of the deposit, is also dependent on the mode of 
origin. 

Under the first heading attention may be drawn to certain struc- 
tural features of the granite boss of Ear Mountain — features which 
also occur at Cape Mountain and at Brooks Mountain. It can be 




Fig. 4. — Diagrammatic section at Eunson's shaft, Ear Mountain. 

shown from various lines of evidence that any such granite mass as 
that of Ear Mountain must have cooled under a considerable blanket 
of protecting rocks. The surface of the granite against these over- 
lying rocks is not necessarily smooth, but may be of gently undu- 
lating character, or may even be furrowed by sharp ridges, such as, 
for instance, have been revealed by the extensive mining operations 
in Cornwall. The troughs or depressions between these granite 
ridges will be occupied by the overlying rocks, which will therefore 
appear immersed beneath the general surface of the granite. At 
Ear Mountain erosion has proceeded far enough to strip off much 
of the protective capping of sedimentary rocks which formerly 
arched over the granite, though on the highest peak — ^the south 
peak — the granite is still covered by a thickness of 100 feet of schists 
and sheared greenstone. This erosion has revealed the fact that 
the former surface of the granite boss was slightly uneven. The 
limestones and schists resting in the inequalities now occur as iso- 
lated patches surrounded on all sides by granite. A section across 
Ear Mountain (fig. 4) illustrates this feature. These rocks may 
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show locally indications of ore, but the rock, being of contact- 
metamorphic origin, will have a small areal extent, will have no 
great depth, and will give out when the underlying surface of the 
granite is reached. The prospector, therefore, should use consider- 
able caution before attempting any exploitation of ore bodies occur- 
ring in such patches of rock lying upon the surface of the granite. 

Along the periphery of the granite the ore deposits of contact- 
metamorphic origin are more likely to have permanence in depth. 
What is known of contact-metamorphic deposits in other parts of 
the world, however, is not of a character to encourage extravagant 
hopes for the similar occurrences found at Ear Mountain. They are 
usually of low grade and irregular in form. Such deposits are 
mined in southeastern Alaska for their copper content, but condi- 
tions must be exceptionally favorable to make them of commercial 
value. 

On the northeastern side of the mountain, near Vatney's cabin, 
where the contact metamorphism has been more pronounced than 
usual, some metamorphosed limestone in proximity to a granite dike 
was being prospected for tin ore. It contains small bunches of a 
reddish-brown mineral showing crystal faces, which, when carefully 
examined, are seen to be diamond shaped. This is typical of garnet. 
When only the apex of the garnet crystal is visible it bears an exceed- 
ingly deceptive resemblance to the four-sided pyramid characteristic 
of cassiterite. 

Near Tuttle Creek a prospect trench has been opened to uncover 
some contact-metamorphosed limestone at the granite contact. The 
stanniferous tourmaline-^xinite hornfels whose microscopic features 
have already been described occurs at this locality, but no cassiterite 
is visible in the rock to the unaided eye. The microscope, however, 
shows the presence of a small fraction of 1 per cent — an amount too 
small, in view of the nature of the deposit and the remoteness of the 
region, to give rise to any extensive hopes that commercial bodies of 
cassiterite exist along the contact. 

The quartz-tourmaline seams that cut the granite have already 
been described. At various places on Ear Mountain interlacing net- 
works of such seams occur, and an extensive tourmalinization of the 
adjoining granite has taken place. Masses of quartz-tourmaline rock 
have been produced, little resembling the original granite. Such oc- 
currences have been opened by shallow prospect pits at a number of 
points. It is quite possible that some deposits of this character may 
carry low-grade values in tin, but those opened thus far lend small 
encouragement to this idea. 

On the northeast side of Ear Mountain an augite-quartz porphyry 
dike has been opened by a shaft and explored by a drift 112 feet long. 
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Nothing but hard, barren rock was encountered. Work was sus- 
pended, and at the time of visit the shaft was flooded with water. 
Farther southwest on the extension of the same dike a number of open 
cuts have been made on account of the prevalence of numerous large 
augite crystals embedded in the dike rock. Chemical analyses of 
" ore " samples, made in the laboratory of the Survey, show the pres- 
ence of only traces of tin, amounting to a few hundredths of 1 per 
cent. 

A shaft known as Eunson's shaft (fig. 4) was sunk near the point 
where a quartz porphyry dike striking north and south crosses the 
granite-limestone contact. The shaft was reported to be 30 feet deep, 
but at the time of visit was flooded with water and partly caved in. 
On the dump a variety of rock is represented. Contact-metamor- 
phosed limestone, granite, granite porphyry, quartz porphyry, and 
various altered modifications of the quartz porphyry appear. The 
quartz porphyry is partly tourmalinized and contains small patches 
of purple fluorite, abundant arsenopyrite, and microscopic grains of 
cassiterite. The tin ore reported from this locality probably came 
from highly altered portions of the quartz porphyry dike. 

BUCK CREEK. 

(JEOL(KJIC FEATURES. 

The Buck Creek area is a part of the slate belt previously described. 
The bed rock' consists of fine-textured arenaceous slates, usually lying 
flat. Along Buck Creek the rocks do not display a highly meta- 
morphosed aspect, but are in large part shalelike, associated with 
beds of banded yellowish fine-grained sandstone and bluish kaolinic 
sandstone. The slaty cleavage, however, is developed in an irregular 
and variable degree in different parts of the area. At the head of 
Sutter CrePK the arenaceous banded rock is thinly fissile, with the 
cleavage at right angles to the sedimentary banding. Greenstones 
of diabasic character occur with the slates, but can rarely be found 
in place. A prominent exposure, however, forms a low ridge im- 
mediately to the north of Buck Creek. 

Two quartz porphyry dikes cut the slates at the head of Buck 
Creek. The characteristic feature of these dikes, especially of the 
one extending northward from Potato Mountain, is the abundance 
of large quartz phenocrysts, many of them smoky, embedded in a 
dense light-gray matrix. The feldspars are less conspicuous. The 
margins of the dikes have been strongly chilled, and show a bluish- 
black rock containing small phenocrysts of quartz and feldspar. On 
the summit of Potato Mountain the dike is but 1 foot thick and con- 
sists entirely of this kind of rock. Farther north the thickness 
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increases to 10 feet. The other quartz porphyry dike, which trends 
N. 34° W. (magnetic), has a maximum thickness of 50 feet and a 
length of several thousand feet. These are the only acidic igneous 
intrnsives known in the region. 

ECONOMIC GEOLOGY. 

Cassiterite occurs in three ways in the bed rock of the Buck Creek 
area — (1) as an impregnation in quartz porphyry dikes, (2) in 
quartz stringers cutting the slates, and (3) intergrown with arsenopy- 
rite in a gangue of radial actinolite. Development, however, has not 
yet proceeded far enough to demonstrate the commercial importance 
of any of these occurrences. 

At numerous points on the ridge of hills at the head of Buck Creek 
open cuts have made made, exposing networks of quartz stringers in 
the slates. The veinlets are usually a few inches thick, and here and 
there contain cassiterite. Some merely show rosettes of blue tourma- 
line or are barren. Gold is probably present in some of them, as 
placer gold is found in the stream tin of Buck Creek. On the divide, 
at an altitude of 1,140 feet, a prospect pit discloses a fine showing of 
tin quartz. The hole is 10 feet deep and exposes a face of 7 feet of 
quartz carrying a considerable percentage of cassiterite. The develop- 
ments are inadequate to give either dip or strike of the ore body with 
any degree of certainty, nor is its linear persistence known. The depth 
attained is not great enough to expose solid bed rock, and the walls are 
consequently still in a highly shattered condition due to the heave of 
the frost. The ore is a milk-white quartz of greasy luster, and contains 
cassiterite disseminated through it in crystalline aggregates, intimately 
intergrown with arsenopyrite and small needles of blue tourmaline. 
In thin section the tourmaline is found to be light blue in color, the 
pleochroism varying from clear blue to colorless (alkali tourmaline). 
The slate wall rock has a greenish cast, and under the microscope is 
found to consist almost entirely of minute tourmaline prisms in par- 
allel orientation, with a small amount of interstitial feldspar. The 
bright boron flame which the slate yields when treated with fluorite 
mixture abundantly confirms the microscopic diagnosis. About 60 
feet from the prospect pit the outcrops consist of normal arenaceous 
slate lying nearly horizontal. 

At the head of Peluk Creek (a small tributary of Buck Creek) a 
shaft, reported to be 20 feet deep, was sunk on quartz stringers in the 
slate. The material on the dump shows abundant pyrite and a little 
cassiterite. In the same general vicinity float tin ore has been dis- 
covered in which the cassiterite occurs in totally different paragenetic 
association. It is found embedded in a green rock composed of radi- 
ating groups of actinolite. Relatively large amounts of arsenopyrite 

54356— BuU. 358—08 3 
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are usually intergrown with the cassiterite. A number of open cats 
have been made in the effort to locate the bed-rock source of this tin- 
bearing rock. At time of visit the owner of the property had 
just succeeded in uncovering the edge of the deposit in place, ao that. 
few facts are available as to its geologic relations and probable vmbe. 
"Where exposed it was highly oxidized, and apparently represented a 
tabular mass intercalated between horizontal slates. In thin section 
the ore rock consists of sheaf-like bundles of actinolite, with wUdb 
some finely granular calcite is associated. A small amount of qmirtK 
occurs in the immediate vicinity of the cassiterite, and both these 
minerals are transfixed by needles of actinolite (PL III, A). Tour- 
maline -in the form of a few small prisms occurs as an accessoiy 
mineral. The slate in contact with the stanniferous rock is of a 
dense, poorly fissile variety. Under the microscope it shows no de- 
cided evidence of metasomatic alteration. It contains abundant mag- 
netite disseminated through it in minute grains, which may possihly 
be of epigenetic origin. 

At a number of points the quartz porj^h^'^ry dikes are somewhat 
impregnated with pyrite, especially in the vicinity of seamsu A 
small amount of tounnaline in radial groups appears, and white 
mica replaces the feldspar phenocrysts. Specimens containing a 
small amount of cassiterite have been obtained, but appear to be of 
extremely rare occurrence. The largest quartz porphyry dike has 
been faulted approximately 400 feet in a north and. south direction. 
The line of this fault is marked by a great quartz vein 15 feet or more 
in thickness, which can be traced for considerably over a mile. The 
vein contains a vast number of slate fragments, each of which has 
acted as a nucleus around which quartz crystals commenced to grow. 
Failure of the crystals to coalesce in their outer extremities has pro^ 
duced a vuggy vein lined with innumerable hexagonal pyramids of 
quartz. No mineral except some botryoidal limonite incrusting the 
quartz crystals has been observed in the vein, so that it is without 
economic importance. Whether the formation of this vein was con- 
temporaneous with that of the stanniferous quartz veinlets is of con- 
siderable practical interest. If of the same period of origin theie is 
a strong jDossibility that persistent tin-quartz veins may yet be fopnd 
in the slp.te area. 

ORIGIN OF THE ORES. 

The developments and exj)osures are entirely too inadequate to 
allow a very extended discussion of the origin of the ores. From 
analogy with the Lost Eiver area, however, it is believed that a gran- 
ite mass underlies the Buck Creek region and that the quartz porphyry 
dikes represent the final expulsive effort of this magma. After the 
advent of the porphyry emanations carrying metallic salts in solution 
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ascended from unknown depths. These solutions moved in part 
along preexisting lines of weakness marked by the quartz porphyry 
dikes and in part along fractures in the slates. They contained the 
elements silicon, oxygen, sulphur, arsenic, boron, iron, aluminum, and 
tin, and probably gold. The metasomatic alterations indicate that 
the solutions were at high temperatures. The actinolite rock was 
probably produced by stanniferous solutions which, as leakages from 
the main channels of circulation, moved laterally through impure 
dolomite beds, such as the petrographic study of the slates has shown 
to occur through the region. The association of cassiterite and ar- 
senopyrite in a gangue of actinolite is unique. Actinolite, together 
with axinite and othei* borosilicates, however, occurs as a gangue 
material in certain Tasmanian copper deposits.* The explanation 
advocated for these is essentially similar to that given above. 

CAPE MOUNTAIN. 

Cape Mountain forms the promontory fronting Bering Strait at 
the westernmost extremity of the American Continent. On the east- 
ern flank of the mountain are a few widely scattered houses, which 
form the settlement known as " Tin City." Tin City is 110 miles by 
steamer route from Nome, with which it is connected by telephone. 

GENERAL GEOLOGY. 

Granite.— Csipe Mountain consists of a granite mass, which has 
invaded a series of crystalline limestones of Carboniferous age. 
(See fig. 5.) The limestones are lying nearly flat, but with a slight 
easterly dip, and extend eastward nearly to the mouth of Baituk 
Creek, where they are faulted against the slates of the York area. At 
the cape the limestones dip in toward the granite. Locally along the 
contact, as on Village Creek, the limestone is crumpled and turned up 
at high angles — phenomena ascribable to the dynamic activity of the 
intrusive. Some fine-grained olivine basalt dikes, vesicular and in 
part filled with calcite amygdules, cut both granite and limestone. 
They are without doubt by far the youngest rocks of the area. 

The granite of Cape Mountain is of a coarse-grained gray type, 
containing numerous large porphyritic feldspars, either microcline or 
orthoclase, commonly an inch or so in length. Quartz, acid plagio- 
clase, and biotite comprise the remaining essential constituents.. The 
quartz is prevailingly smoky. Along the contact with the limestone 
the feldspars are locally aligned with their longer axes parallel. 
More commonly, however, the granite is fine grained along its margin, 
and fluorite, tourmaline, and white mica appear. Pegmatite blebs 

« Weed, W. H., Copper mines of the world, New York, 1907, p. 171. 
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(.iintaining tourmalins aiv c«niinon in the body of the granite. Dikes 
iind Kills of granite or granite |K>rphyry cut tlie surrounding rocks. 

IX'tuileil mapping »f tho contact t>etween the granite and limestone 
has hIiowii (hat tho undcrgnmnd extension of the granite surface 
dips steeply to the oast on the east side of Cape Mountain, but that 
on the north side it .sl<)i)os gently to tlie north beneath the limestone 
capping. En)sion has loft some thin wedgelike remnants resting 
upim the granite surface. (See tig. Q.) Some limestone mas-ses -were 
broken ofF from the roof which covered the granite at the time of its 
intrusion and were i>artly submerged in the molten rock. An isolated 
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limestono patch, iihich had this mwle of origin, rests in the granite 
neiii" the hciul of Lagoon Ci"eek. Attention is drawn to these foun- 
dered blocks of limestone because if any ore occura along their con- 
tacts it can have only a meager distribution. The dikes and sills, 
together with the limestone masses torn off at the time of intrusion, 
tenil to proelii'-c a liiglily iiTcgular contact surface between the lime- 
stone and the granite. This fact is of priictical importance when the 
development of contact ore l)odies is being considered. 

Contact plu')i(iiiieiiii. — The prin<'ipal effect of the intrusion of tie 
granite on the KUi-roirnding limestone has been to produce a coarse 
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white marble, extending at a maximum 200 or 300 feet from the con- 
tact. Proximity to the granite contact is in many places indicated 
by a peculiar rough appearance of the limestone, due to the develop- 
ment of small patches of lime-silicate minerals, ordinarily invisible 
to the eye. These weather out in relief and give it a characteristic 
" shaggy " appearance near the granite. At other points delicate 
radial groups of tremolite appear on the weathered surfaces of sili- 
ceous phases of the limestone. A faint banding is also evident, due 
to the fact that the pure carbonate laminae have been converted to 
calc spar. The siliceous bands in the limestone overlying the granite 
near the summit of Cape Mountain have been converted into woUas- 
tonite. At the contact on Bering Strait beds of almost solid wollas- 
tonite 2 or 3 feet thick inclose an alaskite sill 1 foot thick and extend 
30 feet from the main granite mass. 

Contact metamorphism involving an addition of material is of rela- 
tively rare occurrence and is confined mainly to the limestone adjoin- 
ing the dikes and sills. On the Canoe claim an open cut exposes a 
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Fig. 6. — Geologic section across Lagoon Creek, Cape Mountain. 

sill 8 feet thick, consisting of the normal porphyritic granite of Cape 
Mountain. The upper 1^ feet, however, consist of coarse alaskite- 
pegmatite composed of orthoclase and quartz individuals 4 to 5 
inches in length. Between the pegmatite and the porphyritic gran- 
ite a zone of relatively fine-grained granite up to 6 inches thick 
intervenes, but no great regularity can be observed for this feature, 
as all three phases may be confusedly intermingled. The question 
whether the pegmatite did not represent a separate intrusion along 
the contact was considered, but as large quartz individuals with pyra- 
midal terminations were found projecting from the pegmatite into 
the fine-grained granite, and as transitions are everywhere observable 
between the three phases, the conclusion was unavoidable that it was 
practically contemporaneous with the granite. Some tourmaline is 
of later origin and is developed along seams. This occurrence re- 
sembles the " stockscheider " — a peripheral zone of giant granite en- 
veloping the stanniferous granite bosses of the Saxon Erzgebirge — 
and suggests itllie de Beaumont's observation « " that the peculiar 

« Cotta, B., Gangstudien I, Freiberg, 1850, p. 398. 
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cause of the coarsely crystalline character of the granite had acted 
mainly upon the marginal portion of the eruptive mass." The lime- 
stone overlying the pegmatite selvage is marmorized, and where in 
immediate contact has been converted into a hea\'y green finely 
granular rock. Under the microscope this proves to be a pyroxene- 
fluorite hornfels composed essentially of hedenbergite and fluorite, 
with accessory calcite and quartz. Scheelite and pyrrhotite occur in 
a few scattered grains. The association of a pyroxene hornfels with 
similar pegmatitic selvages is repeated at various other points on 
Cape Mountain. Near the Percy shaft the hornfels consists of heden- 
bergite, calcite, and scapolite, with accessory scheelite. The scheelite 
occurs in round, droplike grains eml>edded in calcite or intercrystal- 
lized with the pyroxene. Tt resembles titanite and cassiterite, but 
may be distinguished from the former by its positive uniaxial char- 
acter and from the latter by its moderate birefringence (0.016). 
Inasmuch as scheelite is not commonly recorded as a contact-meta- 
morphic mineral, the hornfels was submitted to E. C. Sullivan, of 
the United States Geological Survey, who verified chemically the 
presence of tungsten. The pannings from approximately 10 grams 
of rock were fused with NaoCOg, the fused mass was leached with 
water, the tungsten Avas precipitated with HgClj as HggWO^, the 
mercury was expelled from the tungstate by heat, and the residue 
was examined by the reduction tests with Zn and Sn. The rock was 
also tested for chlorine by Doctor Sullivan and gave a strong reaction 
for this element, thus confirming the optical determination of the 
scapolite. 

ORE DEPOSITS. 

Cassiterite probabl}^ occurs in three ways at Cape Mountain — (1) 
in tourmalinized peripheral j)ortions of the main granite mass and in 
tourmalinized granite dikes; (2) in contact -metamorphic rock, and 
(3) in veins in granite and as an impregnation of the adjoining wall 
rocks. From exj^erience in developed tin regions it appears that the 
first type of occurrence is apt to be of low grade, and that the second 
is an unlikely source of tin ore. The occurrences on Cape Mountain 
indicate that the Alaskan deposits Avill prove to be no exceptions to 
this rule. The third is the normal type the world over, and has 
yielded the deepest and most productive mines. 

At Cape Mountain no practical distinction is made between the 
first and the second modes of occurrence. The largest amount of 
prospecting has been done along the granite-limestone contacts be- 
cause. some rich pockets of tin ore have been discovered in tourmalin- 
ized granite along the contact and because of the distinctive character 
of the contact-nietaniorphic rocks (pyroxene hornfels). It can not be 
positively asserted that cassiterite occurs in the contact-metamorphic 
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rock (in fact, all observations have been to the contrary), but it is 
not improbable that some tin ore may occur in the tourmalinized 
limestone adjoining tourmalinized granite. 

Some of the dikes cutting the limestone show margins which are 
strongly tourmalinized and considerably impregnated with cassiter- 
ite. Large masses of bluish tourmaline occur, and these carry rich 
pockets of tin ore of a light-brownish color. The limestone adjoin- 
ing the dikes has here and there been converted into coarse white 
spar, in which numerous prisms and columns of tourmaline are em- 
bedded. Where tourmalinization has been complete it may be diffi- 
cult to distinguish tourmalinized limestone from tourmalinized dike 
rock. The tourmalinization, either of granite or limestone, however, 
appears to be purely local and erratic in occurrence. Furthermore, 
the tourmaline rock, although, as already stated, locally rich in cas- 
siterite, is in general quite barren. 

Along the periphery of the main granite mass local tourmaliniza- 
tion of the granite has taken place, accompanied by an introduction 
of cassiterite and pyrite. The pyrite has largely been oxidized, and 
in this way heavy red porous masses, consisting chiefly of iron oxide, 
with tourmaline and cassiterite, have been produced. 

The contact rocks adjoining the large granite stock and some of the 
granite sills have been prospected at a number of places. A heavy 
green rock, showing in places finely disseminated pyrrhotite, has been 
regarded as tin ore, but microscopic and chemical -analysis fail to 
reveal any tin. The green rock is locally known both as " greenstone " 
and as " tinstone." It is a finely granular rock, consisting of pyrox- 
ene, probably hedenbergite, and fluorite in equal proportions. This 
rock is well exposed in a cut on the Canoe claim, where a few feet of 
it directly overlies a granite sill, 8 feet thick. At other points on Cape 
Mountain, notably one-half mile north of the Lucky Queen property, 
the pyroxene is embedded in calcite. The pyroxene, which is un- 
usually well developed for a contact-metamorphic rock, is of brown 
•color and does not look unlike cassiterite, especially cassiterite which 
shows a macroscopic cleavage. It is true that cassiterite has a more 
splendent luster, but the distinction is not one that carries conviction. 
Where the presence of tin is suspected in such rocks, only assays can 
give reliable information. 

The statements regarding deposits of contact-metamorphic origin 
made for the Ear Mountain region are equally applicable to Cape 
Mountain. In addition, the highly irregular nature of the granite 
contact makes prospecting for such deposits difficult and would entail 
heavy — probably unwarrantable — expenses in mining them. 

Up to the present time a single narrow quartz vein has been found 
in place, butting the granite on the north side of Cape Mountain at 
an altitude of 1,850 feet. The vein is accompanied by some alteration 
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to greisen and partial tourmalinization of the adjoining granite — 
changes characteristic of tin-bearing veins. At other points on Cape 
Mountain cassiterite, accompanied bv tourmaline^ is found as an im- 
pregnation of the granite adjoining slips or fault planes. This type 
of occurrence, in the opinion of the writer, holds out greater p)ossibil- 
ities for the future of the district as a tin producer than the other 
two. Unfortunately, exploratory work has been mainly confined to 
the contact deposits. 

DEVELOPMISrrS. 

At the time of visit two properties only were being actively pros- 
pected at Cape Mountain — those of the United States Alaska Tin 
Mining Company and the Bartels Tin Mining Company. The for- 
mer property is situated near the summit of the mountain, on the 
north side. Developments up to the end of July, 1907, consisted of a 
shaft reported to be 22 feet deep, now filled with water, and a 7-foot 
tunnel, 270 feet long. The company has also erected a 10-stamp 
mill near the beach at Tin City. Four men were employed at the 
time of visit. The shaft is sunk on a quartz ledge, 1 foot thick, 
striking N. 45° TT. (magnetic) and dipping 80° E. The tunnel, 
whose altitude at the portal is 1,600 feet, according to aneroid meas- 
urement, is driven in a direction S. 40° TV. through hard, firm gran- 
ite, and is expected to tap the ledge 250 feet below the collar of the 
shaft. 

The principal development work by the Bartels Tin Mining Com- 
pany has been done on the North Star property. Eight men were 
employed during the summer of 1907. The main tunnel, with its 
drifts and winzes, aggregated 750 feet in length. This tunnel is 
being driven to catch the granite-limestone contact at a depth of 100 
feet below the workings of the Lucky Queen tunnel. About 400 feet 
from the mouth of the tunnel a band of granite, carrying numerous 
visible crystals of cassiterite, associated with some tourmaline, was 
encountered. The width of this band is about 18 inches. The granite 
is soft and iron stained. The succeeding 3 feet consists of hard gray 
granite with pyrite disseminated through it. This is succeeded by 
15 feet of iron-stained granite. At the time of visit the 18-inch belt 
of rich tin ore had not been drifted on to prove its persistence. The 
drifts branching off from the main adit follow the contact of a large 
limestone block, which was evidentlv torn from the main limestone 
mass during the intrusion of the granite. In following this contact, 
which proved to be of a highly irregular nature, several winzes were 
necessary. A new tunnel, 67 feet below the North Star tunnel, is 
being run from the surface to connect with the lowest drifts reached 
by these winzes. The granite along the limestone contact is charged 
with numerous radiating groups of tourmaline prisms associated 
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with iron oxide, and locally with pyrite and tin ore. Crushing and 
oxidation have taken place along the contact, and heavily iron 
stained gouge matter, a foot in thickness, has been produced. At 
points where the red clayey material is absent the granite is fresh 
and the progressive increase of fineness of grain as the contact is 
approached can be noted. 

A considerable portion of the energies of the company has been 
expended on assessment work on the numerous claims which it holds 
on Cape Mountain. 

On the Carlson & Goodwin property an adit 20 feet long has been 
driven along the contact of a horizontal limestone and a granitic 
dike. The dike sends small, irregular tongues into the limestone, 
and the ends of these tongues have been completely converted into 
blue tourmaline rock. The limestone has been rendered coarselv 
crystalline, but evinces no other change. Rock from the dump, how- 
ever, shows that locally an intense tourmalinization was produced. 
No stanniferous rock was seen in place. 

On the northwest side of the mountain, on Village Creek, some 
drill holes have been put down to the granite contact, but the results 
are not known. 

BROOKS MOUNTAIN. 

Brooks Mountain, the dominant peak of the York Mountains, lies 
in the watershed of the Bering and Arctic drainages. It is easily 
accessible from the coast by way of Lost River, a distance of 9 miles. 
The mineral deposits are of contact-metamorphic origin, and though 
no cassiterite-bearing rock has been discovered on the mountain, yet 
the character of the mineralization here allies it to that of the tin 
region, of which Brooks Mountain is geographically a part. 

An intrusive granite mass, 2 miles long by two-thirds of a mile 
wide, forms the southern flank of the mountain. The granite is 
characterized by the presence of numerous large porphyritic ortho- 
clase crystals, commonly an inch in diameter, and large idiomorphic 
crystals of smoky quartz exceeding peas in size. The matrix con- 
sists of a coarsely granular assemblage of orthoclase and subordinate 
oligoclase (AbgoAnjo), with quartz and biotite in small amounts. 
The rocks surrounding the granite are chiefly limestones of the Port 
Clarence formation, and are highly crumpled throughout much of 
the region. Along the periphery of the granite they have been mar- 
morized, and an extensive variety of contact-metamorphic minerals 
have been produced in the immediate vicinity of the contact. 

At the west end of the granite stock a horizontal pegmatite about 
8 inches thick traverses the white marble. It consists of orthoclase, 
quartz, and biotite, generally segregated in separate masses, the bio- 
tite in plates one-half inch in diameter forming selvages 1 to 2 inches 
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thick. Thin sections cut from equidimensional portions of the peg- 
matite show, in addition to the three constituents already named, a 
siriall amount of plagioclase, some faint-colored bluish-green mica, 
accessory corundum, and probably topaz. The structure is allotrio- 
morphic granular. The pegmatite is overlain by 1 foot of finely 
granular, heavy green rock, resembling that adjoining the pegmatite 
selvages on Cape Mountain. This rock is composed of vesuvianite, 
hedenbergite, and fluorite in approximately equal proportions. 

Vesuvianite is the commonest mineral in the metamorphic aureole 
of the granite mass. Along the headwaters of Yankee Creek the im- 
pure crumpled Port Clarence limestone is brought into contact with 
the intrusive stock, and a thorough recrystallization has ensued. 
Crystallographically perfect vesuvianite in prisms up to three- fourths 
inch in length occurs scattered in great profusion through a matrix 
of coarse white calc spar. The vesuvianite is noteworthy as contain- 
ing 0.88 per cent B.^O.i.* Where this mineral has not individualized 
into large crystals the metamorphosed rock consists of a fine equi- 
granular aggregate of vesuvianite, calcite, and possibly garnet, inter- 
spersed with minute plates of phlogopite. The growth of the large 
crystals has produced a clarification, as it were, of the carbonate rock, 
and the boron content of the vesuvianite shows that this process was 
promoted by pneumatolytic agents. In this connection it is signifi- 
cant that an energetic tourmalinization of the granite has taken place 
at a number of points in the vicinity of this portion of the contact. 

At the west end of the Brooks Mountain granite mass a prospect 
trench discloses a body of argentiferous galena ore, occurring 20 feet 
from the granite contact in a coarsely crystalline white limestone. 
The strike of the ore body, as revealed in the open cut, is N. 15° W. 
(magnetic), and the dip 65° toward the granite. A thickness of 
3^ feet of solid ore is exposed, consisting of galena strongly admixed 
with a lustrous black zinc blende which, as analysis shows, contains 
19 per cent of ferrous iron. Some pyrrhotite is also present, but this 
mineral is comparatively rare. Where any gangue mineral is visible 
it consists of fluorite. The ore body is frozen to both walls. The 
hanging wall shows a belt of finely granular fluorite several inches 
thick, succeeded by extremely coarse calcite containing scattered crys- 
tals of diopside and some galena. The grain of the calcite decreases 
away from the ore body. A thin section of rock taken from a point 
near the hanging wall is composed of calcite, fluorite, diopside, calcic 
plagioclase (AboAn^), an unknown positive uniaxial mineral, and a 
small amount of colorless mica, Avith sporadic grains of the ore min- 
erals. Assays of the ore made in Nome yielded 34 per cent of lead 

« This determination was made by I*rof. Edgar F. Smith, of the University of Penn- 
sylvania, according to two new methods for the estimation of B2O3 that he has recently 
discovered. 
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and 11 ounces of silver per ton. Other assays were reported to give 
ore values ranging from $17 to $44 per ton. 

In the vicinity of the galena prospect there is some contact-meta- 
morphosed limestone containing a fibrous green magnesia-iron boron 
mineral (ludwigite?) intercrystallized with galena. Loose masses of 
paigeite hornfels are also present. Some rock containing abundant 
honey-yellow crystals of chondrodite and numerous minute octahedra 
of spinel, embedded in a mesostasis of calcite with accessory magnet- 
ite, occurs near by. 

In the same general locality some contact masses of vesuvianite 
have been prospected for nickel. The vesuvianite is in part finely 
granular and gives the rock a general green color. This feature and 
the unusual weight of the rock (that is, compared to quartz) doubt- 
less caused the nickel prospecting. No indications of nickel are pres- 
ent, and it may be added that such a mode of occurrence is totally 
unknown for nickel. On microscopic examiilation small amounts of 
calcite, deeply pleochroic biotite, and hedenbergite are found asso- 
ciated with the vesuvianite. 

In the canyon below the galena claim some assessment work has 
been done on a showing of contact-metamorphic minerals near the 
granite contact. The deposit is interesting from a scientific stand- 
point, inasmuch as a hitherto unknown boron-tin mineral has been 
discovered in it, but nothing of great commercial importance has been 
found here. The minerals comprise brown garnet, showing rhombic 
faces, green or yellowish-green vesuvianite, and abundant magnetite 
closely associated with the new mineral — a magnesia-iron tin borate 
which has been named hulsite.'* These various minerals are all in- 
cluded in a matrix of coarse white spar (PL 111,5). On account of 
the low percentage of tin in hulsite (approximately 10 per cent) the 
deposit can have no economic value. 

At the head of the same canyon other contact-metamorphic deposits 
have received attention. Here, at an altitude of 2,000 feet, a small 
prospect hole exposed a mass of metamorphic minerals occurring in 
a white marble a few feet from the granite contact. Tourmaline, 
fluorite, calcite, arsenopyrite, brilliant black sphalerite, pyroxene, and 
axinite occur confusedly intergrown. The ore body is 4 feet thick and 
penetrates the marmorized limestone in irregular tongues a few inches 
thick. Some galena was noted in the ends of these tongues, which 
were examined microscopically and found to consist almost exclu- 
sively of monoclinic pyroxene. A few hundred feet north of this oc- 
currence the pure white marble gives way to a highly metamorphosed 
impure limestone, consisting essentially of vesuvianite, calcite, bio- 
tite, and accessory tourmaline. Some of this rock contains sphalerite 

«Am. Jour. Sci., 4th ser., vol. 25, 1908, p. 323. 
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and other sulpburets, which on oxidizing give it a gossan appearance. 
High gold assay's were churned from this type of rock. Ledoux & Co., 
of New York, report on an assay sample submitted by the Survey: 
" (lold, trace; silver, 0.*23 ounce." 

On the north side of Brooks Mountain, at an altitude of 1,850 feet, 
is a small galena prospect. The galena occurs in a gossan, the skeleton 
of which consists of tourmaline. The iron oxide of the gossan con- 
tains lead and traces of bismuth, the lead probably as carbonate and 
the bisnnith as oxide. 

U)ST RIVER. 
IX)CATION. 

Lost River is a small stream rising in the heart of the York Moun- 
tains in the western part of Seward Peninsula. It flows southward 
into Bering Sea through a comparatively broad and open valley, 
exc(»j)t for a short stretch near its mouth, where it flows in a narrow 
cranyon. It has a total length of 9 miles. The region is nearly desti- 
tute of vegetation, even Arctic mosses l)eing scarce. The tin prospects 
are on Cassiterite Creek (see fig. 7), a branch of Lost Kiver, 6 miles 
from the coast, and arc easily accessible by a good wagon roadway. 
A lungslen-silver prospect, a copper prospect, and some galena 
j)rosj)ects are also situated in this region. 

GENERAL GEOLOGY. 

Tlir rorl's, — The general geologic features of the region are simple. 
The bed rock consists of the Port Clarence limestone, dipping north- 
Avard at an angle of 20°. Near the head of Cassiterite Creek the 
linieslonc is intimately banded with argillaceous laminae, and in- 
tensely crumi)led (PL II, B). Locally the formation is fractured 
and brecciated, and shear zcmes of white marble have been formed. 

On Tin Creek, another tributary of Lost River, a small granite 
boss, a third of a mile in diameter, is intruded into the limestone. 
The granite is a medium-gi'ained aggregate of feldspar, quartz 
(which is partly idiomorphic, smoky, and conspicuous), and scat- 
tered foils of biotite. The principal effect of this intrusion has been 
to niarniorize tlie surrounding limestone, though locally some large 
masses of contact-metamorphic minerals have been formed. 

A considerable number of vertical quartz porphyry dikes pierce 
th(» limestone, but only one has been found extending into the granite 
area. They are fairly persistent, and can be traced for several miles • 
across the country. They are not all strictly contemporaneous in- 
trusions, as certain dikes have been found to intersect each other. 
The quartz pori)liyries are light-colored rocks containing small glassy 
quartz and feldspar crystals embedded in an aphanitic matrix. The 
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main tin prospects of the region occur in a few highly altered dikes 
of this character, but several of tlie other dikes have received sepa- 
rate names and have been more or less prospected, on what encour- 
agement, however, it is difficult to understand. They are usually 
unmineralized, except for sporadic cubes of pyrite, and there is 
no known reason why they should become tin bearing in depth. 




Orbicular contact metamorphtsm. — The limestone surrounding the 
granite boss of Tin Creek has been converted into a coarse white 
marble. Near the contact loose blocks trowing orbicular forms are 
common (Pis. IV, V, VI, B). The orbules are composed of an alter- 
nating succession of concentric black and white bands, commonly a 



46 TIN DEPOSITS OF SEWARD PENINSULA, ALASKA. 

millimeter or so in breadth. As shown in the photographs, the 
orbicular structure is l)rouglit out in detail by the etching action of 
the weather. Many of the sections through the orbules are perfect 
circles, a maximum diameter of 8 inches l)eing noted, but elliptical 
forms, due to the interference of contiguous orbules, are common. 
In some places small orbules occur in the outer bamds of large orbule^s 
and cause a wrinkling of the even banding. AATiere several small 
independent orbules have formed around closely spaced centers highly 
intricate structure resembling that of contorted gneiss has been 
evolved. 

The minerals composing the orbules, named in their order of abun- 
dance, are fluorite, hornblende, vesuvianite, plagioclase (AbjjAn-), 
and magnetite. The hornblende is a deep-colored variety, the 
pleochroism ranging from brown to strong greenish blue. The 
vesuvianite has a tendency to form radial groups of short, stout 
columns. Under the microscope the banded structure is not as dis- 
tinctly apparent as would be expected from inspection of the 
weathered surface of the orbules. The light-colored bands consist 
of mutual intergrowths of fluorite and plagioclase; the dark bands 
consist of fluorite Avith hornblende or vesuvianite, or with both 
together, and commonly some magnetite. The presence of fluorite 
in both dark and light colored bands causes them to contrast less 
emphatically under the microscope than they do macroscopically. 
Examined in thin section the central portion of one of the orbules was 
found to consist of calcite anhedra in which are embedded vesu- 
vianite, fluorite, and green amphibole inclosing considerable magnet- 
ite. This central area is surrounded by a ring of magnetite. Other 
centers are composed chiefly of fluorite and vesuvianite with inter- 
grown hornblende. An unusual type of orbule is one composed of 
garnet, pyroxene, and fluorite, Avith narrow black bands of magnetite. 

A single exposure outcropping beneath the talus near the granite- 
limestone contact throws light on the genesis of these remarkable 
forms. Curious veins, symmetrically banded, traverse the marmor- 
ized limestone in irregular fashion. The bands are only a fraction 
of a millimeter in thickness and simulate the sinuous flow lines of 
certain, acidic volcanic rocks (PI. V). Small tongues, a few inches 
in length, project into the marble, and these also are symmetrically 
banded. In irregular expansions of the veins orbicular structures 
have been developed (PI. VI, B), The veins are composed of fluorite 
and calcic plagioclase (AbiAiu), with pyroxene, green mica, horn- 
blende, and accessory arsenopyrite, cassiterite, and scheelite. They 
therefore resemble the orbules in mineralogical constitution to a 
considerable extent. 

The orbicular material is cut by quartz porphyry, thus fixing the 

period of its formation, although not very closely. The only quartz 

porphyry dike penetrating the granite ^\\o^\^ ^Xxow^ T£\ajt^i;v«l chill- 
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ing, indicating, therefore, a considerable interval between the intru- 
sion of the granite and the injection of the dikes. How nearly con- 
temporaneous were the solidification of the granite and the meta- 
morphism is an open question. 

A mass of metamorphic minerals 50 feet wide is exposed on the 
bank of Tin Creek, 1,000 feet from the visible contact of the granite 
and limestone. It consists of solid masses of radial and arborescent 
vesuvianite and of brown garnet showing dodecahedral faces. The 
microscope reveals in addition small amounts of interstitial fluorite 
and calcite and accessory pyroxene, hornblende, and plagioclase. 
The dark mass of metamorphic minerals has injected apophyses, as it 
were, into the adjoining limestone (PI. VI, A). These are arranged 
in black and white bands, a fraction of a millimeter in thick- 
ness. The microscope shows that these apophysal veins are com- 
posed of fluorite, strongly pleochroic from brown-green to blue-green 
hornblende, vesuvianite, and calcite, with accessory magnetite and 
arsenopyrite. These features ally this occurrence with the orbicular 
contact metamorphism and suggest that the heavy vesuvianite-garhet 
masses were produced by magmatic solutions traveling outward along 
fissures in the limestone. 

Forms similar to the orbicular structures have not previously been 
recorded. Triistedt « has recently described some curious occurrences 
(" Erzschlauche," he terms them) from Pitkaranta, in Finland, 
which in their essential aspects resemble the banded veins serving as 
the supply ducts for the Alaskan orbules. Cross sections of- the ore 
arteries resemble sections through the orbules and, moreover, show a 
similarity in mineralogical constitution and similar alternating bands 
composed of magnetite and fluorite- vesuvianite with sporadic garnet. 
The explanation advanced for the ore arteries, which anastomose 
through a limestone, is that they are crustification structures produced 
by juvenile waters subject to rapid changes in composition and tem- 
perature. The circular pipes along which the deposition took place 
were produced by the corrosive action of earlier solutions. This 
hypothesis does not fit the Lost River phenomena. The mode of 
growth of the orbules — outward from centers — their common inter- 
ferences, and their position adjoining the banded veins preclude an 
origin by crustification. Their essential similarity to the banded 
veins and their parasitic habit show that the two features are identical 
phenomena, which, as already indicated, are allied to the formation of 
the vesuvianite-garnet masses. The explanation which the writer 
would suggest for this related set of phenomena is that it was pro- 
duced by magmatic emissions traveling outward under great pressure 
along fissures in the limestone ; that the flow of the solutions was im- 

« Triistedt, O., Die Erzlagerstatten von PltkUranta am Ladoga-See : Bull. Comm. Geol. 
de Finlande, No. 19, 1907, p. 226. 
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ptMltnl ; that at ]X)int.s of stagnation the wall rock was thoroughly per- 
meated and a local intense nietasomatism was produced. The solutions 
contained large amounts of fluorine, aluminum, silicon, iron, and 
sodium. The formation of fluorite (CaFj) caused the expulsion of an 
tKluivalent (iinintity of COj from the limestone and, owing to the ab- 
sorption of this gas, the capacity of the solutions to dissolve lime was 
incn»ast»d to a high degnn?. 

It is probable that the channels of circulation were enlarged by this 
prwess and that the vein filling as now seen consists of minerals 
formed from the lime of the wall rock and fluorine, aluminum, silicon, 
iron, and sodium derived from the magmatic solutions. In such veins 
formed in limestone under conditions of high pressure and tempera- 
ture it appears to be impossible to discriminate between metasomati- 
cally altered wall rock and the filling of the original channels of circu- 
lation. The banding was produced either by processes similar to those 
which have given certain igneous dikes their banded character or by 
phenomena similar to those operative jn the formation of Liesegang's 
rings. If a drop of AgNO^ solution be placed upon a gelatin plate 
impregnated with K._.Cr._,07 a series of concentric rings consisting of 
Ag.CroOy will be formed, becoming progressively wider spaced with 
increasing distance from the center. The explanation given by Ost- 
wald « is that as the sohil)Ie silver salt diffuses outward a periodic 
precipitation of insoluble silver chromate will take place at the loci 
of suporsaturation. Morse and Pierce ^ have investigated this phe- 
nomenon in some detail, using tubes, however, instead of plates, and 
have shown incidentally that gelatin is not essential to the production 
of the rings and bands. Among other substances employed were 
FeCl^ and XaoC03, and a recurrent evolution of COg was noted. 
This reaction jirocoeds as follows: 

L>FeCl,+3H,0+3Na,C()3=:3CO,+6XaCl+2Fe(OH)3. 

When the attempt is made to fit this explanation to the natural 
conditions the problem becomes greatly complicated on account of 
the complex character of the solutions, the imknown state of combi- 
nation of the various elements, and their different rates of diffusion. 
As abundant fluorine was present in the solutions, a reaction analo- 
gous to the preceding may be formulated as follows: 

2FeF,+3H,0+3CaC03=8CO,+3CaF,+2Fe(OH)3. 

The fluorine was thus fixed as fluorite and the iron separated as 
magnetite or was taken up by the production of amphibole. Enough 

" Lehbrucli allogemeincn Chemie, 2(1., Band 2, Toil 2, p. 778. 
"Zeitschr. physikal. Chemie, vol. 45, 1903, p. 589, 
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has been indicated to show that an explanation involving diffusion 
and supersaturation is at least as plausible as one involving crusti- 
fication and is in closer harmony with the phenomena observed in the 
field. 

CASSITEBITE PROSPECTS. 

Lodes, — ^At Tin Creek a few thin quartz stringers carrying cassit- 
erite have been found in the granite. Collier ^ has shown that some 
pyritiferous granite from the same locality contains 0.3 per cent of 
tin. No cassiterite is visible in this granite to the unaided eye, so on 
account of the prevalence of sulphides he assumed that the tin occurs 
in the form of tin pyrites (stannite). A cut has been opened on this 
occurrence and shows a number of narrow bands of hard quartzose 
granite containing finely disseminated pyrites, chiefly of iron and 
arsenic. Under the microscope the rock is seen to be composed of 
quartz, topaz, and sericitized feldspar, with accessory pyrite, arseno- 
pyrite, and cassiterite in small amount. 

The principal tin prospects of the region are located on Cassiterite 
Creek, and occur in the quartz porphyry dike known as the Cassit- 
erite lode. This dike is 6 to 10 feet thick and can be traced from 
the head of Tin Creek in a northwesterly direction to Lost River, a 
distance of 9,000 feet. Near Lost River the dike rock contains a mul- 
titude of angular liinestone fragments and is really a limestone 
breccia cemented by quartz porphyry. The characteristic feature of 
the Cassiterite lode dike rock, where nonstanniferous, is the abun- 
dance of sharply defined quartz phenocrysts embedded in a white 
aphanitic matrix. Thin sections cut from the least-altered portions 
of the dike show numerous phenocrysts of quartz, orthoclase, and 
sodic plagioclase embedded in a cryptocrystalline groundmass. The 
nonlamellated feldspar is opaque from kaolinization, but the plagi- 
oclase is unaltered. Sporadic crystals of clear and limpid plagioclase 
lie inclosed in turbid orthoclase phenocrysts. Fluorite is common 
in the groundmass and patches of topaz occur also. More highly 
altered phases of the dike merely show quartz phenocrysts lying 
scattered in a matrix of scaly white mica, fluorite, and quartz. Along 
a portion of its course the white quartz porphyry dike has broken 
through an older dike, a gray feldspar porphyry, which is particu- 
larly conspicuous on account of the multitude of dull white pheno- 
crysts that it contains. 

The tin-bearing portion of the dike is 3,000 feet long, but the whole 
of this length can not be considered ore rock; intermittent barren 
stretches occur, and the ore is probably localized in irregular shoots. 
The limestone in the vicinity of the stanniferous portion of the dike 



« Collier, A. J., Tin deposits of the York region, Alasl^a : Bull. U. S. Geol. Survey No. 229, 
1904, p. 22. 

54356— Bull. 358—08 4 
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is seamed with innumerable veinlets which reticulate the surface of 
the country rock in every ccmceivable direction (PL VII, A). 
These vaiy in thickness from a film's breadth to several inches. An 
energetic metasomatic alteration has accompanied the veinlets, and 
cassiterite is locally observed in them, but nothing in the nature of a 
staimiferous stockwork has been formed. 

The tin ore found in the quartz ix)rphyry dike is associated with 
irregular seams and stringers of quartz and lithia mica. Cassiterite 
occurs both in the stringers and as an impregnation of the altered 
dike adjoining the stringei-s. Wheiv the veinlets are absent the 
quartz porphyry contains no cassiterite, and is hard and barren. 
Wolframite is commonly associated with the cassiterite and, though 
no actual tests have been mad(\ it is probable that the tungsten con- 
tent of the lode is as valuable as the tin. Pyrite and arsenopyrite 
accompany the tin ore and more rarely sphalerite and galena are 
found. Locally the dike rock contains some molybdenite. The com- 
monest gangue minenil is fluorite, with zinnwaldite next in order of 
abundance. Thin sections show also the presence of topaz in radial 
aggregates. Where alteration has been most intense large drusy 
masses of cubical fluorite and mi^a occur, and from such localities 
magnificent specimens of cassiterite in black splendent crystals have 
been obtained. The aisual tyjx* of ore, however, is a soft kaolinized 
porphyry, stained red with iron oxide, and impregnated with cassit- 
erite, wolframite, and sulphides. The dike is intensely and irregu- 
larly slickensided and clay gouge is common. The limestone wall 
rock, however, is firm and hard. It is considerably impregnated with 
fluorite, which glows with a greenish light when struck with the pick. 
Thin sections of wall rock immediately adjacent to the dike show that 
it ccmsists of fluorite and radial topaz, with some colorless mica. 
Cassiterite occurs to a small extent in the wall rock in narrow vein- 
lets (1 inch thick) consisting of divergent columnar topaz. In the 
vicinity of these veinlets the fluoritized limestone contains patches of 
coarse fluorspar and rosettes of topaz. 

A few hundred feet north of the Cassiterite lode is another quartz 
porphyry dike, known as the Ida Bell lode. It is about 35 feet 
thick on the summit of the hill between Lost River and Cassiterite 
Creek. The rock is dense and fine grained. In the vicinity of Cassit- 
erite Creek quartz stringers an inch or so in thickness, carrying cas- 
siterite with some wolframite, cut the dike, but along its eastern 
extension only sporadic cubes of pyrite caii ba seen. The alteration 
that is so characteristic a feature of the Cassiterite lode is conspicu- 
ously absent from the Ida Bell quartz j^orphyry dike. The petro- 
grapliic similarity which a number of other quartz porphyry dikes in 
the Lost River basin bear to this dike has occasioned considerable 
useless prospecting. 
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One mile north of the Cassiterite lode is another tin-bearing 
porphyry dike named the Dolcoathi lode. It is from 2J to 3 feet 
thick, strikes N. 50° E. (magnetic) and dips 65° NW. This dike 
differs from the two previously described both in its mineralogy and 
in the mode of occurrence of the tin ore. It is so highly altered and 
mineralized that its original igneous character is not everywhere 
readily apparent. Least-altered phases show a dark-gray fine- 
grained rock containing numerous dull feldspar phenocrysts and a 
few quartz crystals. The feldspars prove to be near la*bradorite in 
composition, and the groundmass is largely obscured by secondary 
minerals, such as tourmaline, quartz, pyrite, mica, chlorite, and others. 
Some movement has taken place along the walls of the dike, especially 
the hanging wall, forming a crushed zone 1 to 6 inches thick. The 
dike rock is heavily charged with arsenical pyrites and tourmaline and 
contains some cassiterite disseminated through it. Locally the dike 
has been converted into large masses of danburite containing radial 
groups of tourmaline and an abundance of arsenopyrite. Cassiterite 
is inclosed in these three constituents, but is visible only under the 
microscope. 

The wall rock of the dike is the dense-textured banded argillaceous 
variety of the Port Clarence limestone. The calcareous portion has 
been converted into coarse white spar containing random prisms of 
tremolite; the argillaceous bands have been converted into matted 
aggregates of tremolite fibers. Finely crystallized cassiterite occurs 
embedded in the coarse calc spar and locally is extremely abundant. 
Topaz in square prisms is found in the limestone to some extent. 
Cassiterite also occurs in the wall rock intimately intergrown with 
pocket-like masses of danburite, which is a calcium borosilicate re- 
lated to topaz. The danburite is of light pinkish-gray color, with a 
peculiar vitreous greasy luster, and occurs as rude ill-defined columns 
in rough radial arrangement. Examination of the danburite-cassit- 
erite ore in thin section shows'that the cassiterite, which is finely idio- 
morphic, lies embedded in the danburite, and contains innumerable 
microlites of tourmaline. The danburite incloses some small patches 
of calcite, and may, like- the cassiterite, inclose great numbers of 
minute tourmaline prisms. These bands of wall rock, which carry 
tin ore and show marmorization with accompanying development of 
danburite, topaz, and tremolite, occur on both foot and hanging walls 
of the dike, though nowhere more than 6 inches thick. Tremolite, 
however, persists to great distances from the dike, though in lesser 
abundance. Arsenopyrite has apparently replaced the wall rock to 
some extent also, as solid lumps of it containing only tremolite fibers 
have been found. The association of danburite and cassiterite is 
unique in. the literature of tin deposits. To establish the identity of 
the danburite beyond question the following approxiiaal<i ^^\^^ 
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analysis was made by W. T. Schaller on the purest material that could 
be obtained: 

Analysis of danhuritc from Dolcoath lode. Lost River region. 

SiOa 47.54 

AI2O3 



I 



CaO - 21.02 

MgO—^ : 1.57 

B2O3 «24.03 

97.59 
Specific gravity, 2.98. 

Developments, — At the time of visit five adits had l)een driven on 
the Cassiterite lode, three of which were open and could be examined. 
Tunnel B, 200 feet above Cassiterite Creek, was 180 feet long. The 
tunnel follows the southern margin of the dike, and is partly in lime- 
stone. At 45 feet from the mouth a drift has been run 10 feet to 
the north, crosscutting the lode. Tunnel A, 1,170 feet above the 
creek, was 80 feet long. The dike is soft and can be angered, so that 
an advance of 4 feet a day (single shift) is easily made. Both these 
adits are on the east side of Cassiterite Creek. Tunnel E, driven on 
the Cassiterite lode 10 feet above the creek level on the west side, is 
100 feet long. A crosscut 9 feet long has been driven 50 feet from 
the mouth of the adit. The Ida Bell dike has been exjDlored by an 
adit 55 feet long, at the end of which a winze G9 feet deep was sunk. 
This is now filled with water. 

A few hundred feet south of the Cassiterite lode some open cuts 
and adits, now caved in, were opened on a porphyry impregnated 
with cassiterite. No surface croppings of this porphyry body are 
visible, for the porphyry is buried under the mantle of slide rock 
covering the steep slopes of the region. A shaft 50 feet deep was 
sunk on this occurrence, but was flooded at the time of visit. A 
number of open cuts have partly exposed some thin but rich quartz 
veinlets in the limestone. A shaft reported to be 18 feet deep was 
sunk near such a vein on the Jupiter claim, and a drift 44 feet long 
was run to the ledge, but both were also under water. 

The developments on the Dolcoath dike consist of four cuts opened 
at intervals along a length of 3,000 feet. An assay of ore from one 
of the crosscuts was reported to have yielded 1.15 per cent of tin. 

Seaming of the limestone, — The most striking feature in the vicin- 
ity of the Cassiterite lode is the vast multitude of veinlets that 
interlace the limestones in every direction (PI. VII, ^1). The area 
thus affected extends for 1,000 feet or more on both sides of the stan- 

*» Two determinations made with concordant results by Messrs. Cliapin and Wherry 
under the direction of I'rof.. Edgar C. Smith. 
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iiiferous portion of the dike. On the basis of dominant mineralogical 
composition five types of veinlets can be discriminated — fluorite- 
amphibole, plagioclase-fluorite, zinnwaldite-topaz, topaz-fluorite, and 
tourmaline-mica. The pure types occur, but innumerable intermedi- 
ate and transitional forms are found also. 

Veinlets (PL VII, 5), only one-half inch thick, consisting of fluor- 
ite and radial amphibole, are paralleled on both sides by altered wall 
rock, 2 inches wide, sharply delimited against marmorized limestone 
containing minute fibers of tremolite. Tlie wall consists of fluor- 
ite, amphibole, vesuvianite, and green mica irregularly intergrown. 
Where embedded in fluorite the amphibole is a deep-colored variety, 
pleochroic in tones of brown-green and blue-green. 

Allied to the veinlets just described are dense white veinlets con- 
sisting essentially of fluorite and plagioclase. Locally they contain 
hornblende and scattered grains of pyrite and arsenopyrite. They 
are inclosed by dark-green rock, which is very delicately banded by thin 
white bands running parallel to the central veinlet. The larger bands 
are a millimeter in width, but the most of them are narrower, and 
some are as narrow as 0.1 millimeter. These features are most strik- 
ingly apparent on weather-etched surfaces. Small seams branching 
from the central veinlet cut across the banded rock. The metasomat- 
ically altered wall rock is thus elaborately banded at but few places ; 
more commonly it is a structureless green rock. In thin section the 
central veinlet is seen to be composed of an intimate intergrowth of 
fluorite and calcic plagioclase (as calcic at least as AbiAui), with 
scheelite as an accessory mineral. The inclosing rock is formed of 
fluorite, hornblende, and vesuvianite, but green mica, pyroxene, and 
calcic plagioclase also occur, and arsenopyrite and cassiterite are pres- 
ent as rare accessories. The hornblende and vesuvianite are prone to 
form small radial groups. The narrow white bands are composed of 
intergrowths of fluorite and plagioclase. The macroscopic appear- 
ance of the banded rock immediately recalls the orbules and banded 
veins of Tin Creek, and this external resemblance is confirmed by the 
similarity of mineralogical constitution as revealed by the microscope. 
The chemical origin of the banding is here more obviously apparent. 

Veinlets of zinnwaldite up to 1 inch in thickness are common in 
the limestone. Under the microscope the zinnwaldite forms radiating 
fanlike groups diverging from the vein walls. The mica is dirty 
greenish and somewhat pleochroic at the points of attachment. Else- 
where it resembles muscovite. Some topaz occurs as an interstitial 
filling, and cassiterite and wolframite are rare accessory minerals. In 
the specimen examined optically the wall rock is a cryptocrystalline 
limestone exhibiting only a feeble alteration. Others, however, show 
an energetic fluoritization and notable increase of granularity. An 
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m 

analysisr of the zinnwaldite has been made by W. T. Schaller® in 
the laboratory of the Survey, and is quoted here to illustrate the 
elaborate composition of this mica. 

Analysis of zinnwaldite in limestone near Cassiterite lode^ Lost River region, 

SiOa 46. 80 

AhOs 24.50 

Fe^Oa .50 

FeO 6.35 

MnO 1. 38 

CaO 1 .24 

Na20 1.73 

K2O 9.20 

Li^O j__* 3. 73 

H2O '- .88 

F 8. 63 

103. 94 
Less 0=2F 3. 63 

100.31 

Topaz-fluorite veinlets, carrying cassiterite and tabular crystals of 
wolframite, have produced both fiuoritization and topazization of the 
adjoining limestone. 

On the south side of the Cassiterite lode tourmaline veinlets are 
common in the limestone, though no tourmaline occurs in the tin 
ore of the dike rock. The cause of this peculiarity is not known. 
This type of veinlet is composed of white mica, blue tourmaline, and 
Uuorite. Some carry visible cassiterite, but these are rare. Micro- 
scopic examination of a stanniferous veinlet (one-half inch thick) 
bihowed that the cassiterite is intergrown with scheelite, calcite, and 
mica (zinnwaldite?) and embedded in a gangue of mica, tourmaline, 
and fiuorite. The limestone adjoining the tourmaline stringers has 
been converted into a confused intergrowth of green' and indigo-blue 
tourmaline, fiuorite, and magnetite, with accessory calcite, vesuvian- 
ite, green mica, and amphibole, forming a rock indistinguishable, 
texturally and mineralogically, from the contact-metamorphosed 
limestone of Ear Moimtain. 

A feature allied to the seaming of the limestone by the veinlets is 
found in an outcrop on the creek 200 feet below the Cassiterite lode, 
in which a zone of brecciated limestone has been recemented by vari- 
ous dark-colored minerals which here and there form large radial 
groups 3 to 4 inches in diameter. The cement or binding material 
when examined optically is found to consist chiefly of blue-green 
hornblende, vesuvianite, calcic plagioclase (Ab^Ano), ffuorite, minor 
amounts of calcite, and accessory" scheelite. 

°Am. Jour. Sci., 4th ser., vol. 24, 1907, p. 158. 
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To sum up briefly: In spite of the diversity of rfiineral composi- 
tion of the various veinlets it is found that all are accompanied by 
similar intense alterations of their wall rocks (PL VIII, A). They 
appear to be of practically synchronous origin, except, perhaps, the 
tourmaline veinlets, and the smaller seams represent leakages along 
subsidiary fractures. A more complete interchange of material be- 
tween wall rock and solution was apparently possible in the minor 
seams, for vesuvianite and garnet appear in them, whereas these min- 
erals occur only in the meta somatically altered wall rock of the 
larger veinlets. 

Cdssiterite and wolframite quartz, ^eins, — It is a notable feature 
that, although the quartz stringers cutting the porphyry dikes con- 
tain cassiterite and wolframite together, those cutting the limestone 
contain either cassiterite alone or wolframite alone, and in large pro- 
portions. Veinlets of such diverse composition occur not many hun- 
dred feet apart. They average only a few inches in thickness and, so 
far as is now known, 30 or 40 feet in length. 

The cassiterite-quartz veins, while rare and of no great persistence, 
are extraordinarily rich in tin. Cassiterite, complexly twinned, oc- 
curs in crystals up to an inch in size. The predominant gangue min- 
eral is quartz, with which are associated subordinate amounts of 
fluorite, feldspar, and white mica. The cassiterite is concentrated 
near the sides of the vein, which is frozen to the wall rock. Locally 
a thin band, one-eighth inch thick, of delicate radial topaz inter- 
venes between the quartz gangue and the altered wall rock. Thin 
sections cut from this portion of the ore show groups of topaz prisms 
diverging from the wall of the vein (PI. VIII, B). Closely asso- 
ciated with them are fluorite, white mica in well-defined plates, 
quartz, and cassiterite. The wall rock consists of a fine-grained ag- 
gregate of fluorite, topaz, and mica. Farther away from the vein the 
limestone is marmorized and transfixed with tremolite needles. The 
filling' of the veinlets branching off from the cassiterite-quartz vein 
is not quartz, but is chiefly white mica. In the country rock adjoin- 
ing the cassiterite-quartz vein, veinlets consisting essentially of white 
mica and lamellated plagioclase are common, and some of these are 
metalliferous. In their central portions they carry small amounts of 
galena, chalcopyrite, pyrrhotite, and sphalerite. The wall rock ad- 
joining these veinlets, which average perhaps one-fourth inch in 
thickness, is altered to fluorrte and aggregates of scaly green mica. 

Some quartz stringers carrying considerable wolframite have been 
found cutting the limestone. The gangue material is dominantly 
quartz, but fluorite, white mica, and albite also occur. The altered 
wall rock consists of fluorite, green-blue hornblende, vesuvianite, 
green mica, and garnet, with scheelite and cassiterite as rare accessory 
minerals (PL IX, B). Sphalerite and chalcopyrite occur dissexai- 
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natcd throii{i:h the inotaniorphosiMl wall rock, though absent from the 
quartz veins themselves. The zone of metasomatism is sharply 
bounded by white saecharoidal limestone containing sporadic prisms 
of tremolite (PL IX, .1). 

The caust*. of the se^egation of the cassiterite and wolframite into 
separate veinlets is not known. On the hill l)etween Lost River and 
Cassiterite Creek a prospect trench has opened a tin-bearing veinlet 
1 inch to T) inches thick for a length of .-iO feet. At one end the vein- 
let can be seen to i)inch out. Throughout its length it is unusually 
rich in cassiterite and carries some wolframite and arsenopyrite. The 
gangue is composed c»ssi»ntially of topaz, fluorite, and zinnwaldite, 
arranged in a rudely banded structure. The middle band is the 
most distinctly defined, though cmly one-half inch broad, and' con- 
sists chiefly of topaz imperfectly interlocking along a central line. 
The wall rock of this veinlet is highly altered and is impregnated 
to some extent with chalcopyrite, pyrite, and sphalerite. The study 
of this occurrence suggests that the simple quai*tz veins are due to a 
sort of diiferentiatioii from the primary solutions that deposited 
fluosilicates, and that, accompanying this change, a segregation of 
cassiterite from the wolframite nuiy have taken place. 

Mctasotnatic procciises, — The Ijost River occurrences throw some 
light on the metasonuitism produced by stanniferous solutions acting 
on a nearlv i:)ure limestone. In the zone of most intense activitv 
fluorine has eflected a comi)Iex expulsion of the carbon dioxide with 
the production of abundant lluorite. On I he assumption that the 
calcium remains constant and is combined as fluorite, this means a 
loss in volume of 34 i)er cent. This shrinkage appears to have been 
amply compensated for by the i)roduction of topaz, hornblende, 
vcsuvianite, mica, plagioclase, and garnet, all of which involve an 
mtroduction of material, chiefly alumina and silica, with some FeO, 
Xa.O, KoO, and Li.O. Beyond the zone of fluoritization the lime- 
stone has be(»n marmorized and some tremolite produced. The 
transition between the two zones is abrupt, and the difference of 
the amphiboles in them is a characteristic feature. The colorless 
tremolite, which is less abundant than the deep blue-green hornblende, 
has doubtless been [)roduced by the recrystallization of impurities in 
the original limestone. Where the stanniferous solutions contained 
boron, alkali tourmaline has commonly been developed as a meta- 
somatic mineral. At the Dolcoath dike' the solutions appear to have 
been unusually rich in boron, and extensive danburitization has taken 
place, with accompanying development of cassiterite, tremolite, tour- 
maline, and topaz. Marmorization, too, has locally been intense, 
with the production of calcite individuals up to an inch in size. 

The metasomatic i)rocesses outlined in the preceding paragraph 
are of a synthetic nature and have caused the formation of various 
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complex silicates, some of which, like topaz, danburite, vesuvianite, 
and hornblende, have not been described previously as alteration 
products in limestone adjoining fissure veins. Topaz, according to 
Rosenbusch,<* is characteristic of the pneutnatolytic contact zones of 
many granites. Danburite has recently been described as a con- 
stituent in some of the numerous contact-metamorphic deposits of 
Japan. ^ Vesuvianite is a typical contact-metamorphic mineral, and 
hornblende is common in the metamorphic aureoles of many granites. 
Tremolite, a common contact-metamorphic mineral, has, however, 
been recorded by Lindgren ^ from the Clifton-Morenci district as a 
metasomatic product in limestone adjoining fissure veins, and the 
unusual and significant character of this alteration has been pointed 
out. Tremolite, as has been shown, is one of the commonest products 
of the metasomatic activity of stanniferous solutions circulating in 
limestone, but only in the zone of least intense activity. To sum up 
briefly, the metasomatic alteration accompanying cassiterite veins in 
limestone, as exemplified by these Alaskan occurrences, is closely 
allied to contact metamorphism. The wall rock immediately ad- 
joining the vein is characterized by the addition of material and the 
formation of fluo-, boro-,'and alumino-silicates. This zone passes 
outward into one showing the features of simple thermal meta- 
morphism — marmorization with the production of sporadic tremolite. 
Wolframite-topaz lode, — A unique mineral deposit is exposed op- 
posite the mouth of Tin Creek in an open cut on the ridge between 
Lost Eiver and Left Fork. The surface indications show that the 
mineralization has taken place along a fault, running approximately 
east and west, which has brought two slightly dissimilar limestones 
into juxtaposition. Some brecciation is apparent along this line. 
The open cut shows stringers of ore occurring in a belt 1 foot thick, 
forming a stringer lode. The ore minerals consist of wolframite, 
galena, and stannite, and are embedded in a gangue of radial topaz 
associated with some deep-purple fluorite. The stannite is usually 
intercrystallized with the galena and is. of a brown-black color. It 
reacts for tin, copper, zinc, iron, and sulphur. The .topaz forms fine 
spherulitic aggregates, which may in places attain a diameter of half 
an inch, but as a rule are very small and are crystallized in delicate 
radial groups. The high specific gravity of topaz (3.5) gives the 
ore rock an unusually heavy weight. The surface ore is stained black 
by manganese minerals produced by the. decomposition of wolframite. 
Some azurite is present also, and is doubtless derived from the copper 

« Mikroskopische Physiographie, vol. 1, pt 2, Stuttgart, 1905, p. 139. 
* Beitrage zur Mineralogle von Japan, No. 3, Tokyo, 1907, p. 102. 

^ Lindgren, W., Copper deposits of Clifton-Morenci district, Arizona : Prof. Paper U. S. 
Geol. Survey No. 43, 1905, p. 176. 
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in the stannite. An assay ^ of a sample of this ore submitted by the 
Survey ^vo a return of 22.9 ounces of silver to the ton. 

The ^m^i^ue material was identified optically as topaz from its 
similarity to that associated with the tin ore on Cassiterite Creek. 
This determination was confirmed by an approximate quantitative 
analysis made by W. T. Schaller, with results as follows: 

AmilyisiH of topaz from wolframiir-totHiz li^c, near Tin Creek. 

SiO, 30.27 

AI2O, : 54.66 

CaO 1.16 

Mjj:0 Trace. 

F 17.26 

H2O, alkalis Notdet 



103.35 
1^8 0=2 F 1 7.27 



96.08 

The wall rock of the topaz lode consists of a dense cryptocrystal- 
line limestone which shows no evidence of metasomatic alteration. 
The topaz lode is remarkable in two respects — it is the first recorded 
instance of topaz as a fissure-vein fillinir and as the gangue material 
of sulphide minerals. Topaz is conunon in the greisen adjoining cas- 
siterite veins and in certain metasomatically altered quartz porphyry 
dikes, but has not hitherto been noted as a vein-forming mineral. It 
is roCTi'ded bv Voirt ^' as distinctive of the cassiterite veins in contrast 
with the ordinary sulphide-ore veins (filcns plombiferes) . The ab- 
sence of metasomatic alteration in the limestone adjoining the topaz 
lode is notowortliv, but it will be recalled that some of the zinnwald- 

« 

ite-topaz voinlcts in the vicinity of the Cassiterite lode show a similar 
lack of action oii their wall nx'ks. 

The stainiite in the above-described wolframite-topaz lode is the 
onlv known verified (K'currence of this mineral in the Alaskan tin 

« 

region. Stannite is not a valuable tin-ore mineral, both on account 
of its relatively low tin content (30 per cent compared to 78 per cent 
in cassiterite) and its difficult metallurgical treatment. It is a rather 
favorite object of search with the prospector, chiefly because of the 
fascination which its unknown character exercises; and in conse- 
quence pyrite and i)yrrhotite are commonly mistaken for stannite. 
It is, however, a mineral whose identity can be established only by 
careful chemical examination. 



OTHER MINERAL DEPOSITS. 



Alaska Chief property. — The Alaska Chief claim is situated about 
4:^ miles from Bering Sea, on Rapid River, the large western branch 

» Made by Ledoux & Co., of New York. 

^ Genesis of ore deposits ; special publication of Am. Inst. Min. Eng^ 1902, p. 600i 
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of Lost Eiver. The workings are on a small gulch tributary to 
'Eapid Eiver. The country rock is a tough, fine-grained limestone 
of the Port Clarence formation, lying nearly horizontal. Locally the 
strata ai*e buckled and show crushing in the crest of the buckles. A 
fault breccia 15 feet wide, consisting of small angular fragments of 
limestone cemented together by white calc spar, is exposed in the 
creek one-third mile west of the mine. Basalt, in the form of a nar- 
row dike 1 foot thick, is the only other rock known to be in place in 
the near vicinity of the mine. A few thousand feet to the east a 
number of quartz porphyry dikes can be seen cutting the limestone. 

The original shaft was sunk in a heavy body of porous red iron 
oxide containing galena, reported to be 12 feet thick. At a depth of 
35 feet work was suspended. . An adit 143 feet long driven 85 feet 
below the collar of the shaft encountered the same ore body 50 feet 
below the bottom of the shaft. The ore was still oxidized. About 
7 feet of low-grade galena ore was exposed. 

' On the east side of the gulch a devious tunnel, about 600 feet in 
length, was driven to catch another body of galena indicated on the 
surface. The tunnel follows a zone of crushed limestone, bounded in 
many places by fine walls marked with striae. The " ledge matter " 
consists of small fragments of limestone bound together by coarse 
calc spar, clay, and red iron oxide. No ore was encountered. The 
tunnel on the west side of the gulch wfis then commenced, and the 
ore body already mentioned was struck late in August, 1907. 

Idaho claim, — A few hundred yards below the mouth of Tin Creek 
a copper prospect has been opened on the edge of the 15-foot bench 
fronting Lost Eiver, and at the time of visit enough work had been 
done to expose the face of ore at this point. The deposit occurs in 
an irregular shattered zone in the limestone, 15 feet wide and includ- 
ing numerous horses of unmineralized limestone. The ore mineral is 
chalcopyrite, associated with abundant pyrrhotite (magnetic iron 
pryites), and occurs in a gangue of calcite, fluorite, and small frag- 
ments of slickensided rock. Some of the fluorite is rose-tinted and 
is locally laiown as ruby quartz. Stripping has shown that the same 
ore body extends at least 50 feet to the east, where a strong gossan has 
been uncovered. The relatively great width of the deposit, com- 
bined with the low chalcopyrite tenor and the abundance of pyrrho- 
tite, reduces the copper percentage to a small figure. 

On Tin Creek a galena prospect has been opened on some gossan 
croppings at an altitude of 1,100 feet, 800 feet above the bed of the 
creek. The deposit occurs in a fracture zone in the limestone, which 
has been coarsely recrystallized in the immediate vicinity, forming 
spar crystals up to an inch in size. The gossan consists of honey- 
combed masses of iron oxide containing abundant galena and numer- 
ous white and colorless crystals of cerusite (lead carbonate). It was 
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planiiod to prove the value of this ile[W)sit during the winter of 1907 
iind 1908. 

A small trench, 650 feet below the galena prospect, has been dug 
in the effort to locate the bed-rock source of some loose bowlders com- 
posed of arsenopyrite flecked with a small amount of cupriferous 
IWrite. Assays made in Nome are reported to have yielded $12 to the 
ton in gold. Some stibnite in a gangue of purple fluorite has been 
found in the saddle at the head of Tin Creek. 

ORIGIN OF THE ORK8. 

The injection of the quartz porphyry dikes represents the final 
intrusive activity of an underlying granite magma, of which a 
portion is now exposed by erosion on .Tin Creek. Fracturing of the 
dikes, accompanied by shattering of the adjacent limestone, took 
place after their consolidation, and an energetic mineralization 
ensued. As shown by the vein fillings and metasomatic alterations 
the ore-depositing solutions were characterized by their richness 
in fluorine, aluminum, silicon, calcium, tin, tungsten, iron, man- 
ganese, arsenic, sulphur, lithium, potassium, and sodium, but con- 
tained also copper, lead, and zinc, and locally boron in abundance. 
The state of combination of the various elements in solution is not 
known. The vein material includes various silicates, such as topaz, 
zinnwaldite, tourmaline, and albite, and proves that conditions 
unusual in the formation of the ordinary types of veins prevailed. 
Albite and tourmaline are commonly regarded as indicative of the 
magmatic derivation of vein-forming waters, and topaz and zinn- 
waldite are the two most characteristic of the so-called pneumatolytic 
minerals. The presence of topaz in the vein matter itself is some- 
what unusual, inasmuch as this mineral, although common in the 
greisen adjoining quartz-cassiterite veinlets in granite as a replace- 
ment of feldspar, is comparatively rare as a fissure filling. Of the 
minerals contained in the veinlets as Cassiterite Creek all, with the 
notable exception of quartz, have also developed metasomatically in 
the limestone. It is noteworthy that cassiterite, though present in 
large proportions in many of the veinlets, appears only in insignificant 
amounts in the intensely altered wall rock. In addition hornblende, 
vesuvianite, garnet, and others were formed, and prove that condi- 
tions allied to those obtaining during contact metamorphism pre- 
vailed. The stanniferous solutions were therefore presumably of 
magmatic origin and at high temperature and pressure. 

The abundance of fluorine compounds — fluorite, topaz, and zinn- 
waldite — is in harmonA^ with Daubree's oreneralization ® that fluorine 
is the active agent in the formation of tin deposits. According to 

« Duubree, A., Geologic experimentale, p. 38. 
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his theory cassiterite is produced by the mutual decomposition of 
the vapors of water and stannic chloride reacting as follows : 

SnCl,+2H20==Sn02+4HCl. 

He was actually able to synthesize cassiterite in this way. 
According to analogy we would expect — 

SnF,+2H20=SnOo+4HF. 

Cassiterite has been produced at red heat by Deville and Caron ^ in 
conformity to this equation. Quartz can be synthesized according 
to an analogous reaction. In recent years Vogt ^ has been a vigorous 
exponent of the pneumatolytic or gas-aqueous origin of cassiterite 
deposits. He conceives that hydrochloric and hydrofluoric acids 
acting on a cooling granite magma effect an acid extraction of tin 
and the various elements associated with it. Gaseous conditions are 
therefore considered as dominant during the formation of cassiterite 
bodies, and the final individualization of the minerals is held to be 
due to the reactions of Daubree's experiments. 

Certain facts in the Lost River area suggest that fluorine is not, 
however, absolutely essential to the formation of cassiterite. On the 
Dolcoath dike some of the richest ore is intergrown with danburit6 
(CaB2(Si04)2) and the limestone shows no fluorite, although the 
latter is common in the vicinity of th*e Cassiterite lode. Moreover, 
the cassiterite includes multitudes of tourmaline microlites, so that 
there is obviously a closer association of the tin with boron than with 
fluorine. On the other hand, the wolframite-topaz lode, with its 
content of galena and stannite, proves that tin and abundant fluorine 
may coexist in the same solution and cassiterite not be formed. 

PLACERS. 
BUCK CREEK. 

Developments subsequent to 1905 have revealed few new facts of 
interest in regard to the placers of Buck Creek. The gravels have a 
length of about 4 miles and are shallow. Work below the mouth of 
Sutter Creek has shown that the gravel in that part of the stream is 
from 120 to 160 feet wide, averaging about 125 feet. The width of 
the pay streak is not known. A pit having a mean depth of 5 feet, 
from which 48 tons of concentrates have been extracted, has demon- 
strated that the gravel may run as high as 25 pounds per cubic yard. 
The gravel is a comparatively fine wash and bowlders are rare, the 

°Compt. Rend., vol. 46, 1858, p. 764. 
''Zeitschr. prakt. Geologie, 1895, p. 475. 
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largest noted consisting of gi^eenstone about a foot in diameter. The 
richest gravel rests immediately upon bed rock and is exceedingly 
clayey and toughly bound together. It gives difficulty in washing, 
the clay having a tendency to roll up in balls and carry cassiterite 
nuggets over the sluice boxes. The bed rock is a broken shale or slate, 
very clayey, but contains no cassiterite. On Sutter Creek, the large 
southern branch of Buck Creek, there is a considerable body of gravel, 
and the discovery of stream tin has recently been reported on it. 
The other tributaries, gulches, and "benches" of Buck Creek contain 
little or no gravel, at least in amounts sufficient to warrant an outlay 
for the purpose of placer mining. 

The stream tin of Buck Creek is clearlv derived from the erosion 
and concentration of the cassiterite occurring in the quartz stringers 
so abundant throughout the area. This source was partly supple- 
mented by the cassiterite occurring in the actinolite rock, and to a 
lesser extent by that contained in the quartz porphyry dikes. As 
these bed-rock sources are known to occur in place on the summit of 
the hills at the head of Buck Creek, it is probable that some of the 
creeks flowing into Lopp Lagoon carry stream tin. But whether 
cassiterite is present in these streams in payable quantities is purely 
a matter of accurate sampling, and not of opinion or theory — an idea 
which prevails in certain quarters to the detriment of the region. 

Two companies were in operation on Buck Creek during 1907, but 
on account of a number of adverse circumstances the yield was less 
than was expected. Placer mining was confined to a small strip just 
below the mouth of Sutter Creek, and the total output of the year 
was approximately 50 tons of concentrates. 

At the beginning of the season the American Tin Mining Company 
was working its ground by means of an automatic scraper and belt 
conveyor operated by a 35-horsepower oil-burning engine. Early in 
August, however, extortionate freight rates on the transportation of 
crude oil from Nome to York and the imperfect adaptation of the 
scraper to the character of the gravel necessitated a change in the 
method of working. Shoveling in was then adopted, with resultss at 
least more satisfactory than those attained with machinery. The 
other company also employed the shoveling-in method, and the tail- 
ings were removed by a horse and scraper. 

GROUSE CREEK. 

During the summer of 1907 assessment work was done on a num- 
ber of claims on Grouse Creek and two of its tributaries. Sterling 
and Skookum creeks. The results are not known. Some gold sifted 
out of the stream-tin concentrates from Sterling Creek was flat, coarse, 
and not greatly waterworn, and had quartz still adhering to it. 
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FAIRHAVEN DISTRICT. 

A sample of black-sand concentrates from Hmnboldt Creek sent 
in to the office for determination proved to be a rich tin ore con- 
taining less than $5 per ton in gold. About two-thirds of the sample 
was pyrite. Another sample of concentrates sent in from Kougarok 
River was found to contain considerable cassiterite, but far. less than 
the Humboldt Creek sample. It carried, however, 85 ounces of gold 
per ton and contained 66 per cent of pyrite and about 10 per cent of 
magnetite. As the headwaters of Humboldt Creek drain the Hot 
Springs granite area, the tin was probably derived from that region. 
Collier states that samples of tin ore purporting to come from it were 
brought to Nome late in the season of 1902. 

RlfeSUM^ AND CONCIjXJSIONS, 

Four localities in the western part of Seward Peninsula are being 
prospected for lode tin at the present time. From one stream — 
Buck Creek — placer tin is actually being extracted, and an output of 
approximately 50 tons of concentrates was attained in 1907. 

The sedimentary rocks of the York region comprise a series of 
slates of unknown but probably early Paleozoic age, a thick volume 
of thin-bedded limestone of Ordovician age (Port Clarence lime- 
stone), and crystalline limestone of Carboniferous age. At Ear 
Mountain contorted limestones and lime-mica schists prevail. These 
rocks are intruded by a number of granite masses, which, though ap- 
pearing in isolated stocks, show by the many features that they pos- 
sess in common that they belong to the same irruptive magma. The 
granites are coarse-grained -types with large porphyritic feldspars 
and quartz which is commonly of a conspicuously smoky character. 
They were unusually rich in volatile constituents, among which boron, 
fluorine together with chlorine, and iron were the most prevalent, and 
they are therefore characteristically surrounded by pneumatolytic 
contact aureoles. Large amounts of the magmatic emanations were 
retained by the limestones in such minerals as tourmaline, axinite, 
ludwigite, hulsite, paigeite, boron vesuvianite, magnetite, heden- 
bergite, fluorite, scapolite, and chondrodite. 

Complementary contact phenomena occur at Cape Mountain, where 
giant granite selvages are overlain by fluoritic and scapolitic pyr- 
oxene hornfels containing accessory scheelite. These phenomena 
are regarded as showing on the one hand the effect of the mineralizers 
on the crystallization of the magma, and on the other hand their effect 
in producing intense metasomatic action on the adjoining limestone. 
Essentially similar metasomatism was produced by a pegmatite intru- 
sive in the marble surrounding the granite stock of Brooks Mountain. 
Along Tin Creek a novel type of contact metamorphism which has 



64 TIN DEPOSITS OF SEWABD PENINSULA, ALASKA. 

produced perfect orbicular forms has occurred. The orbules are 
allied in their origin to garnet-vesuvianite masses, which have injected 
small banded aix)physes, as it were, into the inclosing limestone. The 
supply ducts for the orbules consist of curious banded veins composed 
of fluorite, calcic plagioclase, and pyroxene, with accessory arsenopy- 
rite, cassiterite, and scheelite. 

The tin deposits are genetically associated with the granitic intru- 
sives. Cassiterite occurs in a variety of ways : 

(1) In a tourmaline-axinite hornfels. 

(2) In beds of actinolite rock which are probably interstratiified 
with slates. 

(3) In tourmalinized margins of granite masses and granitic dikes. 

(4) In mineralized (juartz porphyry dikes. 

(5) In (jnartz veins cutting granite and accompanied by impregna- 
tion of the adjoining granite. 

(G) In quartz stringers cutting slates and limestones. 

In addition, tin is found to be present as paigeite (an iron-tin 
borate) in lime-silicate hornfels. 

At Ear Mountain cassiterite occurs in a contact-metamorphosed 
limestone consisting essentially of tourmaline, axinite, and actinolite, 
but it is not found in any of the other pneumatolj'tic contact rocks of 
the region. This is a fact of considerable interest from the stand- 
point of ore genesis. The stanniferous gi-anite magma was rich in 
halogens and boron, and theoretically the limestones are favorable loci 
for the precipitation of cassiterite. By the action of stannic chloride 
(SnCl4) vapor on lime Daubree" was able to synthesize cassiterite. 
The limestone contacts might therefore be ex^yected to show this min- 
eral. But as a matter of fact the contact rocks, although rich in pneu- 
matolytic minerals, are as a rule barren of tin. The advent of the 
cassiterite was postponed to a later stage, and where evidence can be 
ol)tained as to the relative ages of intrusion and mineralization the 
latter postdates the injection of the quartz porphyry or rhyolitic 
dikes. This would appear to indicate that a long period of prelim- 
inary concentration was taking place in the cooling magma. 

The rarity of cassiterite as a contact-metamorphic mineral the 
world over is anomalous. As far as the writer is aware the only 
deposit in which it is unequivocally of contact-metamorphic origin is 
that in the Dartmoor Forest. Devonshire, England,* described by 
Busz.^ At this locality hornfels adjoining the granite contact consists 
essentially of light-colored mica, quartz, and tourmaline with innu- 
merable grains and minute crystals of cassiterite scattered throughout 
the rock. 



«Compt. Uond.. vol. 8?>, 1«54, p. 138. 

J> Busz, K., Noucs Jahrb., Bcil. Band 13, 1899, p. 100. 
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At the St. Dizier mine,<* in Tasmania, cassiterite occurs in a mag- 
netite-silicate rock of the Kristiania type, but it is not entirely clear 
whether the cassiterite is contemporaneous with the other constitu- 
ents. According to Twelvetrees ^ the tin-bearing rock at the Stony 
Ford mine, Tasmania, is a band of quartz-chlorite rock, charged with 
pink garnets, pyrite, some blende and chalcopyrite, and cassiterite. 
This is regarded as probably resulting from the contact metamorph- 
ism of slates and sandstone. At Pitkaranta, Finland, cassiterite oc- 
curs lining druses along a definite formation consisting of lime-silicate 
rock (" skarn ") that was produced in early pre-Cambrian time by 
the contact metamorphism of a limestone. The tin ore, however, is 
connected with the intrusion of the Rapikiwi granite of late pre- 
Cambrian age, and is regarded as of contact-metamorphic origin, 
being due to magmatic solutions flowing along pervious contacts. 
This conception ^ of the genesis of the deposits would practically ex- 
tend the term contact metamorphism to all deposits formed by juvenile 
waters of high temperature. 

A remarkable similarity, both mineralogic and geologic, exists be- 
tween these deposits and those of Schwarzenberg in Saxony,** where 
cassiterite occurs as a secondary impregnation in a salite-tremolite 
rock which at some distance from the contact encircles a granite mass. 
Dalmer, however, would include these deposits as a phase of contact 
metamorphism, lising that term in its largest sense. From this re- 
view it would appear that stanniferous contact deposits of the Kris- 
tiania type are of extremely rare occurrence. One such deposit of 
commercial importance has yet to be found. This is certainly a sur- 
prising fact in view of the commonly accepted theory of the pneu- 
matolytic" origin of the majority of tin-ore deposits. 

The Alaskan tin deposits exhibit a number of unique features. 
These include the association of cassiterite and arsenopyrite in a 
gangue of actinolite ; the intergrowth of cassiterite with the rare cal- 
cium borosilicate, danburite ; and the occurrence of an argentiferous 
wolframite-topaz lode containing galena and stannite. An oppor- 
tunity has been afforded by the prevalence of limestones in the region 
to study the metasomatism connected with cassiterite veins in such 
rocks, and the study has shown 'that it resembles contact meta- 
morphism in its dual aspect — that is, metamorphism both with and 
without addition of material. 

« Waller, G. A., Tin-ore deposits of Mount Heemskirk, Govt. Geol. Office, Tasmania, 
1902, p. 46. 

«» Twelvetrees, W. H., Tin mines of the Blue Tier, Govt. Geol. Office, Tasmania, 
1901, p. 29. 

<^ Triistedt, O., Die Erzlagerstatten von Pitkaranta am Ladoga-See : Bull. Comm. Geol. de 
Finlande, No. 19, 1907, p. 3^16. 

d Beck, R., Erzlagerstatten, 2d ed., Berlin, 1903, p. 444. 

54356— Bull. 358—08 5 
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In general, the tin shows the intimate association with fluorine 
and boron observed in most tin deposits the world over, an associa- 
tion that is emphasized by the discovery of the new iron-tin borates 
as essential constituents of lime-silicate contact rocks in the meta- 
morphic aureoles of granitic intrusives. 

PRACTICAI. DEDUCTIONS. 

Developments in this region have been sufficient to demonstrate, 
at least, that the granite-limestone contacts are not favorable places 
to hunt for commercial bodies of cassiterite ore. Although a great 
variety of contact-metamorphic rocks have been produced around the 
peripheries of the granites only a few that are stanniferous were 
found, and in only one was even a small amount of cassiterite detected. 
The bunchy and erratic character of contact-metamorphic ore bodies 
has been repeatedly emphasized in the preceding pages, and attention 
has been drawn to the difficulty of mining such deposits occurring 
along irregular contact surfaces. The same drawbacks pertain also 
to tin ore found in the tourmalinized borders of the granite stocks. 
In view of the widespread belief in Seward Peninsula that contact 
deposits are likely* sources of tin ore, it is worth while to review here 
what is known of cassiterite contact-metamorphic deposits in other 
parts of the world. There has been an actual production of tin from 
two only — Pitkaranta in Finland and Schwarzenberg in Saxony — 
and in amounts that are relativelv small. The ore at these localities 
contains pyroxene and other minerals common in the Alaskan contact- 
metamorphic deposits, but the ore formation is confined to certain 
definite strata that were evidently favorable to the precipitation 
of the cassiterite. Some tin ore deposits of probable contact-meta- 
morphic origin have been reported from the Stony Ford mine * and 
St. Dizier mine ^ in Tasmania, but they have not entered the ranks of 
large producers. 

Quartz porphyry dikes, locally known as lodes, or even as quartz 
veins, have been prospected to some extent, owing to the fact that the 
original discovery of lode tin in Alaska was made on a mineralized 
and altered dike of this character. The value of any such dike de- 
pends on the number of cassiterite stringers which it contains and the 
closeness with which they are spaced. Of itself, a quartz porphyry 
dike has no value. The unwelcome fact should be speedily realized 
that few of these dikes hold out any inducements whatever as pros- 
pective tin producers. 

« Twelvetrees, W. II., Tin mines of the Bine Tier, Govt. Ceol. Office, Tasmania, 1901, 
p. 29. 

* Waller, G. A., Tin ore deposits of Mount Heemskirk, Govt. Geol. Office, Tasmania, 
1902, p. 46. 
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Most of the developments throughout the region are still in the 
prospecting stage, and many of the open cuts have not uncovered 
solid bed rock. No tonnage of tin-bearing rock, except at one place 
on Lost River, has yet been blocked out. Small holes in the ground, 
which give no clew to either dip, strike, or persistence of the ore rock, 
are held at enormous figures. The great need of the country is less 
desultory prospecting. The slate area deserves more careful exami- 
nation, as it is possible that valuable quartz veins may exist within its 
confines. The distribution of stream tin in Anikovik River and its 
tributaries proves that the stanniferous mineralization is not limited 
to the region at the head of Buck Creek, but is more widely spread 
throughout the slate belt. 

It is probable that a great granite mass, of which the stocks at 
Brooks Mountain, Tin Creek, and Cape Mountain are protruding 
bosses, underlies the entire York region. As shown by the prospects 
of tin, tungsten, copper, lead, and zinc, and probably gold, this 
magma was capable of effecting a varied mineralization. As the 
region becomes better known and more thoroughly prospected, addi- 
tional discoveries will probably be made from time to time. 
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MAGNETITE DEPOSITS OF THE CORNWALL TYPE 

IN PENNSYLVANIA. 



By Arthur C. Spencer. 



INTRODUCTION. 

The deposits of iron ore which form the subject of the present re- 
port occur near the edges of the belt of Mesozoic rocks which enters 
Pennsylvania along Delaware River above Trenton, N. J., and ex- 
tends across the State in a general southwesterly direction to the 
Maryland line. Thoujh the deposits have been described by several 
geologists the present study was undertaken in the belief that an in- 
vestigation of somewhat broader scope than any of those previously 
attempted might lead to an understanding of the manner in which 
the ores were formed, and that a knowledge of their genesis might 
warrant practical suggestions looking to the discovery of ore bodies 
as yet unknown. The work has been somewhat disappointing, be- 
cause the observed facts do not establish a complete theory regarding 
the origin of the ores, but from a practical standpoint the results 
are thought to be of value. 

The older descriptions deal mainly with those relations of the ore 
bodies exhibited in the mines or pits from which ore was being ex- 
tracted, but the deposits are here considered in the light of their 
geologic setting. The writer has used much of the information re- 
corded by earlier geologists and has quoted some of their statements, 
to which many of his own observations are merely supplementary. 
The field work was done during the autumn of 1906 and the summer 
of 1907. 

GEOIjOGT of eastern PENNSYLVANIA. 

GENERAL STATEMENT. 

The rocks of Pennsylvania, as recognized by the first State geolo- 
gist, H. D. Rogers, fall naturally into three main divisions — the 
pre-Cambrian gneisses, schists, and volcanic rocks; the Paleozoic 
stratified formations; and the Mesozoic stratified formations with 
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associated igneous rocks. All these divisions are represented in the 
southeastern portion of the State, in the region covered by Franklin, 
Adams, York, Chester, Lancaster, Dauphin, Lebanon, Berks, Mont- 
gomery, Delaware, Philadelphia, Bucks, and Lehigh counties, though 
the pre-Cambrian and Mesozoic rocks are confined to the region which 
lies southeast of the Allegheny Mountain front and to the limestone 
valley which trends from southwest to northeast through Cumber- 
land, Dauphin, Lebanon, Berks, and Lehigh counties. 

By folding and faulting the original surface between the ancient 
crystalline rocks and the lowest Paleozoic beds has been complexly 
contorted and broken, so that great masses of the Paleozoic forma- 
tions are downset into the basement rocks. In four districts deep 
erosion of relatively upthrown blocks has revealed the pre-Cambrian 
formation. In Franklin and Adams counties the pre-Cambrian 
rocks of South JSIountain are largely of volcanic origin. They are 
here intricately infolded with Paleozoic quartzites and limestone. 
In the vicinity of Philadelphia and southwestward from that city the 
pre-Cambrian rocks include schists and massive igneous intrusions. 
In northern Chester County and in Berks and Lehigh counties they 
are mainly granular gneisses. 

SEDIMENTARY ROCKS. 

Of the many lormations which are comprised in the whole of the 
Pennsylvania Paleozoic section only the Cambrian quartzites, the 
Cambro-Ordovician limestones, and the Ordovician shales occur in 
the region here under discussion. In the following pages these divi- 
sions of the Paleozoic sequence are designated as " No. I " sandstone, 
" No. II " limestone, and " No. Ill " shale, in accordance with the 
usage of the Second Geological Survey of Pennsylvania. Taken 
together, formations '' I '' to '' III " extend over a belt of country from 
10 to 20 miles wide, lying southeast of the Allegheny Front. The 
limestone, being relatively much thicker than the sandstone, is the 
more prominent of the two, while, as the uppermost of the three mem- 
bers, the shale has been more extensively removed by erosion than the 
limestone and sandstone. 

The Mesozoic strata, made up principally of coarse-grained red 
sandstone and red shale, are distributed in a belt from 8 to 12 miles 
wide, extending from Delaware lliver in a southwesterly direction 
to the Schuylkill, thence westward to the Susquehanna, and from 
the Susquehanna again southwestward to the boundary between 
Pennsylvania and Maryland. Locally, heavy beds of limestone con- 
glomerate are present. 

Though these red formations are now commonly designated the 
Newark group, they are here called simply Mesozoic, the term being 



GEOLOGY OF EASTERN PENNSYLVANIA. 9 

consistent with Paleozoic, which it has been found convenient to 
employ in the descriptions that follow. Considered in reference to 
other stratified Mesozoic formations which overlap the Newark rocks 
in eastern New Jersey, the latter are properly designated as lower 
Mesozoic, but failure^ thus to particularize their position in the strati- 
graphic column leads to no confusion in discussing the geology of 
Pennsylvania. 

The belt of Mesozoic rocks in eastern Pennsylvania is part of an 
unbroken curving zone about 300 miles in length, extending from the 
west shore of Hudson River across New Jersey, Pennsylvania, and 
Maryland, and into Virginia as far as Culpeper County. Several 
outliers in the continuation of the general course of this belt are 
found in southern Virginia and in North Carolina, while northward 
from Hudson River there is an extensive basin of corresponding 
rocks in the valley of Connecticut River, and another bordering the 
southeast side of the Bay of Fundy in Nova Scotia. 

In Pennsylvania the Mesozoic strata were deposited upon a pre- 
viously eroded surface on which were exposed all the older rocks now 
represented in the region. In places along the borders of the Meso- 
zoic belt pre-Cambrian gneisses are present. Elsewhere " No. I " 
sandstone or " No. Ill " shale is overlapped by the Mesozoic strata, 
but on the whole " No. II " limestone forms the usual basement. 
Bowlders entering into the make-up ojF the limestone conglomerates 
that occur in places along the edge of the belt have evidently been 
derived from the formation last mentioned. 

IGNEOUS ROCKS. 

The zone comprising the various Mesozoic basins is characterized 
by intrusions of diabase or surface flows of basalt, both of which are 
commonly called trap rock, or simply trap (PI. I). The diabase 
dikes occur in the districts between the several basins, and southward 
along the general trend of the zone they persist across South Carolina 
and well into Alabama. Although the strip of country in wiiich the 
dikes are present is considerably wider than any of the separate belts 
of Mesozoic strata, tlie great bulk of the igneous material is associated 
with the Mesozoic rocks. In New England and New Jersey both 
extensive surface flows and invading masses are present, but in Penn- 
svlvania nearlv all of the igneous rock is distinctlv intrusive. The 
intrusions are mainly sills which follow the bedding of the invaded 
formations more or less closely, but local and even extensive cross- 
cutting may be observed. 

As the igneous material could not have originated either within 
the mass of the Mesozoic sediments or within the underlvinff Paleozoic 
formations, a deep-seated source nmst be admitted. In order to have 
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reached the positions which it now occupies the diabase must have 
come up through channels traversing the lower Mesozoic strata and 
the basement rocks beneath them. Presumablv the ordinarilv nar- 
row dikes that occur outside of the Mesozoic belt were feeders for 
intrusive sills and for surface flows associated with portions of the 
Mesozoic sediments which have been removed bv erosion. If this be 
true the feeders of the sills that still remain are perhaps for the most 
part similar narrow dikes. 

The ore deposits descril>ed in the following pages are intimately 
associated with intrusive masses of diabase and most of them are 
contained in calcareous strata, either in the limy rocks belonging to 
Paleozoic " No. II " limestone, outcropping near the edge of the Meso- 
zoic Ixilt, or in the beds of limestone conglomerate that locally mark 
the base of the Mesozoic section. Since the deposits are situated in 
each case near the surface of unconformity between the Mesozoic and 
the underlying Paleozoic formations, there is reason to believe that the 
diabase masses associated with the ores are bodies which cut across 
the Paleozoic basement rocks. These. masses are of considerable size. 
Some of them were evidently the feeders of sills which penetrate the 
Mesozoic strata. 

GKXERAIi DESCRIPTION OF ORE DEPOSITS. 

The Cornwall type of iron ore is so called from the important Corn- 
wall mine in Lebanon County, Pa. The ores are essentially magne- 
tite, but they contain pyrite in amounts which make it necessary to 
roast them before thev can be used in the blast furnace. Some 
specular hematite occurs in certain of the mines, but the amount* of 
this mineral is relatively unimportant. 

Tlie ore occurs in large and small masses of varying form, either 
entirely inclosed by stratified sedimentary rocks or lying in such rocks 
where they come in contact with masses of intrusive diabase. The 
ore minerals appear to have been formed by more or less complete 
chemical substitution in the body of the rock, the portion of 
tlie rock not replaced constituting the principal gangue of the ore. 
Aside from the deposition of the iron minerals the limy strata asso- 
ciated with the ore bodies show remarkably little metamorphism, and 
though a few characteristic minerals of contact metamorphism occur 
they are so uncommon as to almost escape observation. The Corn- 
wall mines have yielded more than 20,000,000 tons of ore, from what 
is essentially a single great ore body, though it contains extensive 
partings of barren rock. The other deposits are all much smaller, 
though several of them are still of important size. 
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COMPOSITION OF THE ORES. 

The iron content of these ores is extremely variable, but as the ore 
is mined probably averages not far from 45 per cent. Rather con- 
stant chemical characteristics are low phosphorus, high sulphur, silica, 
lime, and magnesia, and the presence of copper. Small amounts of 
cobalt have been found in ores from Cornwall and Dillsburg. Many 
analyses of ore from the different mines may be found in the reports 
of the Pennsylvania Geological Survey, from which the following 
are extracted : 

Partial analyses of Cornwall ore. 
[A. S. McCreath, an-alyst.] 



Metallic iron 

Metallic manganese 

Metallic copper 

Alumina 

Lime 

Magnesia 

Salphar 

Phosphorus 

Silica 

Phosphorus in 100 parts iron. 



1. 


2. 


3. 


G4.900 


51.450 


48.800 


.158 


.072 


.057 


.005 


.559 


.599 


.324 


1.080 


2.315 


1.010 


2.600 


4.330 


1.131 


6.652 


5.531 


.071 


2.459 


•1.807 


.014 


.010 


.018 


3.980 


12.270 


12.940 


.021 


.019 


0.036 



41.900 

.194 

.319 

4.970 

2.810 

7.467 

.428 

.019 

20. 910 

.045 



"Lesley, J. P., and D'Invilliers, E. V., Cornwall Iron ore mines: Ann. Kept. Second 
Geol. Survey Pennsylvania for 1885, 1886, pp. 532, 533. 

1. Analysis of 115 pieces of niggerhead ore from Middle Hill. 

2. Analysis of fine or soft No. 3 ore from west cut, north side. Middle Hill. 

3. Analysis of ** No. 1 ore " from east face, Middle Hill. 

4. Analysis cf '* No. 1 light ore " from west cut, south face, Middle Hill. 
All the above were dried at 212 + ° F. before analysis. 



Partial analyses of ores from Berks and York counties.^' 



Iron 

Silica 

Alumina, lime, and magnesia 

Copper 

Manganese 

Sulphur 

Phosphorus 



1. 


2. 


3. 


4. 


5. 


43.40 


43.00 


42.76 


39.60 


38.05 


11.13 


14.02 


22. 10 


20.20 


16.13 


18.90 


13.86 


11.45 


19.18 


19.77 


.01 


.59 




.12 


.56 


.01 
.43 






.23 
1.94 


.42 
1.14 


.53 


.59 


.09 


.02 


.01 


.06 


.04 



6. 



34.56 

21.21 

22.88 

.17 

.21 

L64 

.03 



« Lesley, J. P., and D'Invilliers, E. V., op. cit., p. 537. 

1. Black ore, 163 pieces, from Warwick mine, Boyertown, Berks County, A. S. 
McCreath. 

2. Magnetic ore from Island mine, Reading, slope No. 1, Leonard Peckitt, Reading. 

3. Dillsburg ore from A. Underwood's mine, A. S. McCreath. 

4. Magnetic ore from Wheatfleld mine, Berks County. 

5. Magnetic ore, 25 pounds, from Island mine, Reading, A. S. McCreath. 

6. ** Blue ore," 20 pounds, from Phoenix mines, Boyertown, A. S. McCreath. 

Workings at the surface formerly furnished soft ore free from sul- 
phur, but this material gives place to hard sulphurous ore at rela- 
tively shallow depths. 
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DISTRIBUTION OF THE ORES. 

So far as known, ores of the Cornwall type do not occur outside 
of Pennsylvania, though certain small veins of magnetite occurring 
in masses of intrusive diabase in Nova Scotia may be more or less 
closely related to them. In Pennsylvania the ores have been mined 
on a considerable scale at five localities in Berks County, namely : At 
Boyertown; at two places south of Reading; 7 miles southwest of 
Reading, near Fritztown ; and near Joanna station, 2i miles northeast 
of Morgantown. In Chester County they were formerly mined at 
Warwick, though this deposit is entirely exhausted. The great Corn- 
wall mines are situated in Lebanon County, and near them are two 
other small deposits. In York County a large' number of operations 
have been carried on in the vicinity of Dillsburg. Of all the deposits 
which have been mentioned only the one at Cornwall is now worked 
in a large way, though the several interests which formerly controlled 
the Boyertown properties have recently been consolidated so that these 
mines may be started at an early date. At Dillsburg some ore was 
mined in 1908, and surface mining on a small scale was in progress 
at the Wheatfield group in 1906; the other mines have been aban- 
doned for many years. 

GEOLOGIC RELATIONS OF THE ORES. 

Though in the past there has been considerable discussion concern- 
ing the stratigraphic position of the deposits, it is now agreed that 
in York County they lie in Mesozoic strata and in most of the other 
localities in limestones or limy shales of Paleozoic age.<» 

The Cornwall deposit is situated at the top of " No. II " limestone 
of the Pennsylvania section, just under the " Xo. Ill " (" Hudson ") 
shale; the Boyertown, Fritz Island, Raudenbusch, ^Ylieatfield, and 
Jones deposits are in strata which apparently belong near the base of 
" No. II " limestone. The Warwick deposit lies at the base of Meso- 
zoic beds that rest upon pre-Cambrian gneisses. 

It has been found that large masses of intrusive diabase are present 
near each of the existing ore bodies and usually in actual contact with 
them. The existence of diabase near the mines is noted in every pub- 
lished description of these magnetite deposits, and the present 
investigation has served to emphasize both the size of these igneous 
masses and the importance of tlieir relation to the ore deposits. It 
is thought, indeed, that the origin of the ores must have been directly 
connected with the intrusion of the igneous rocks. 



" Lesley, J. P., and D'Tnvilliers, E. V., op. cit. Also, D'Tnvilliers, E. V., Iron ore mines 
and limestone quarries of the Cumberland- Lebanon Valley : Ann. Rept. Second Geo!. 
Survey Pennsylvania for 1886, pt. 4, i887. 
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ORIGIN OF THE ORES. 
REPLACEMENTS. 

If the various deposits be considered together the theory of origin 
which seems to be required by their geologic relations is that the 
magnetite ore bodies of the Cornwall type have been formed by the 
more or less complete metasomatic replacement of sedimentary rocks 
by iron minerals precipitated from heated solutions set into circu- 
lation by the invading diabase. The rocks which have been thus 
replaced are usually limestones, limy shales, or limestone conglom- 
erates. 

Previous writers, including H. D. Rogers, T. Sterry Hunt, Persifor 
Frazer, jr., J. P. Lesley, and E. V. d'Invilliers, have held that while 
the present magnetic condition of the ores might be due to the meta- 
morphosing effect of the trap rocks (diabase), the deposits had been 
formed before the introduction of these rocks.** 

• Material from almost any one of the mines affords abundant evi- 
dence that the ore minerals have been deposited by substitution or 
chemical replacement of the limy rocks. Much of the lean ore con- 
sists of alternating layers of the iron minerals and unaltered rock, 
showing definitely that certain portions of the rock have been more 
favorable for replacement than others. At Cornwall many examples 
may be seen in which thin layers of ore conforming to the stratifica- 
tion of the limy shales are connected by cross seams, which show 
beyond a doubt that the ore minerals could not have been formed 
contemporaneously with the inclosing rock, but that they must have 
been introduced subsequently. It is the writer's conception that the 
solutions which accomplished the deposition of the ores must have 
been in the condition of vapor when they penetrated the rocks. 

SOURCE OF TIIE IRON. 

The source of the solutions concerned in the formation of the ores 
and in the general metamorphism of the rocks in the vicinity of the 
igneous masses and the source of the iron which the deposits contain 
can not be satisfactorily determined. The observed facts lead to no 
definite conclusion on either of these points, though, all things con- 

» Rogers, H. D., Geology of Pennsylvania, vol. 2, 1858, pp. 687, 708, 718. 

Hunt, T. S., The Cornwall iron mine and some related deposits in Pennsylvania : Trans. 
Am. Inst. Min. Eng., vol. 4, 1875, pp. 508-510. 

Frazer, P., jr., Second Geol. Survey Pennsylvania, Rept. CC, 1877, pp. 198-400. Also, 
A study of the specular and magnetic iron ores of the new red sandstone in York 
County, Pa. : Trans. Am. Inst. Mhi. Eng., vol. 5, 1877, pp. 132-143. 

Lesley, J. P., and D'Invilliers, E. V., Report on the Cornwall iron-ore mines, Lebanon 
County: Ann. Rept. Second Geol. Survey, Pennsylvania, for 1885, 1886, pp. 491-570; 
Final Rept. Second Geol. Survey Pennsylvania, vol. 1, 1892, pp. 351-357. 

D'Invilliers, E. V., The Cornwall iron-ore mines, Lebanon County, Pa. : Trans. Am. 
Inst Mln. Eng., vol. 14, 1886, pp. 473-904. 
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sidered, if it be admitted that the heat of the intrusive rocks was the 
prime cause of the circulation of the solutions which formed the ore 
it appears more likely that both the waters and the iron were fur- 
nished by the igneous rock than that they could have been derived 
from an outside source. Possibilities which naturally present them- 
selves are as follows: 

1. The water was of meteoric origin and the iron cairie from the 
sedimentary rocks. 

2. The water was of juvenile origin (that is, it was expelled from 
the igneous rocks) and the iron came from the sedimentary rocks. 

3. The water was of juvenile origin and contained the iron in solu- 
tion when it escaped from the igneous rocks. 

The suggestion that ordinary ground waters could have been heated 
by the invading igneous rocks and thus have been enabled to cause 
extensive induration of the invaded Mesozoic strata, leaching them of 
their contained iron and concentrating it into ore deposits occupying 
the observed situation, is opposed by several considerations. In the 
first place, it appears that waters from any source outside of the 
igneous rock, whatever their natural courses of circulation, if un- 
affected by the intrusive masses, could never closely approach the 
heated bodies of rock, for the reason that steam would be generated 
in the vicinity of the contacts and the resulting pressure would tend 
to drive all waters outward from the source of heat. Under such con- 
ditions if ore deposits were formed they would not be segregated at 
the igneous contacts, but instead would be some distance away, which 
is contrary to the existing relations. A second argument against the 
suggestion is that the deposits are neither as numerous nor as widely 
distributed as would be expected if the iron had been contributed 
by the invaded formations. The only sedimentary rocks which can 
be considered as at all competent to have furnished sufficient iron for 
the known deposits are the ^lesozoic sandstones and shales that occur 
in the vicinity of all the deposits, as the Paleozoic formations are made 
up of rocks containing very small amounts of iron. In so far as they 
have not been altered by the influence of the intrusive diabases the 
Mesozoic rocks are of almost uniform appearance throughout the 
region and from a few recorded analyses it may be judged that they 
carry from 5 to 8 per cent of iron oxide. Everywhere in the neigh- 
borhood of the intrusive masses the sandstone and shales have been 
extensively metamorphosed. In places balls of epidote have been 
formed in the shales ; elsewhere small segregations of specular hema- 
tite occur in coarse sandstones; and in conglomerates some of the 
pebbles are surrounded by rims of garnet, tremolite, and hornblende. 
Changes of this sort characterize the more intense phases of metamor- 
phism and are observed only near the diabase contacts; more exten- 
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sive alteration of a less striking nature is manifested by a general 
induration of the rock and by a loss of the original red color. 

Though the general bleached condition of the Mesozoic strata in the 
neighborhood of the intrusive masses points to these rocks as a possi- 
ble source of the segregated iron, it is not certain that the whitened 
rocks have actually lost their iron, for the original amount of this 
element may still be present in a different chemical state. No investi- 
gation has been made to settle the question thus raised, but it does 
seem that if the iron of the sandstones has been depleted in a few 
places the same thing must have taken place generally, because the 
appearance of the altered rocks is the same in many places. If the 
known deposits of iron ore had been formed from solutions of this 
origin a certain amount of segregation should be found in associa- 
tion with the bleached rocks wherever they occur. The fact that the 
ore deposits are so localized is thus against the idea that the iron 
which they contain has been furnished by the sedimentary rocks. 

The conclusion that the sedimentary rocks are not likely to have 
furnished the iron applies as well when the active waters are regarded 
as having come from the igneous rocks as it does when a meteoric 
source is assigned to them. 

It can hardly be doubted that the general alteration of the shales 
and sandstones near the igneous rocks has resulted from the action 
of heated water and steam percolating through the sandstones and 
shales. If the waters which took part in the metamorphism had 
come out of the igneous rocks, either from the masses adjacent to 
the altered sediments or from much deeper masses which have not 
been exposed to view, they could hardly have made an excursion 
through the stratified rocks and later returned to the contact, as they 
must have done to have deposited the ore bodies at Boyertown, at 
Cornwall, at the Jones mine, and at the larger ore beds of the Dills- 
burg field. 

Only one of the several adverse considerations presented above 
stands in the way of the suggestion that both the waters which ef- 
fected the metamorphism and the iron which was deposited by these 
waters were driven from the igneous rocks; namely, the uncom- 
monness of the deposits. If. certain of the intrusive masses furnished 
iron for large deposits, why is it that similar segregations do not 
occur in association with every important mass of diabase? Though 
the question can not be satisfactorily answered, our general knowl- 
edge concerning the occurrence of ore- deposits at igneous contacts 
points to the conclusion that the nature of the solutions given off by 
different parts of igneous rock masses is subject to wide variation, 
so that it is by no means necessary to believe that identical materials 
must have been introduced everywhere in the vicinity of intrusive 
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masses of the diabase, even though the igneous rock be accepted as 
the source of the iron segregated locally at the contact with the in- 
vaded strata. 

DIFrERENTIAL METAMORPHISM. 

A\niatever the actual source of the iron may. have been, it can not 
be doubted that different masses of diabase within the same general 
field may have differed greatly in respect to efficiency in produc- 
ing metamorphism, but, other things being equal, it can be assumed 
that the directness of the paths by which the intrusions came into 
their present positions must have been a very important factor 
influencing the relative amount of alteration and mineralization 
which the various masses of diabase were capable of producing. It 
seems evident that the transfer of heat and the movement of mineral- 
izing waters must have continued for a much longer period in the 
vicinity of strongly crosscutting masses of igneous rock than adjacent 
to others having less direct connection with the deep-seated reservoir 
which supplied the molten rock material. This is accepted because 
the deep reservoir is conceived to have been the original source of all 
the energy involved in the chemical reactions of metamorphism and 
ore deposition. 

PRACTICAL CONCLUSIONS. 

The geologic features of the various deposits which have been 
studied are thought to warrant the following general suggestions 
to those who in the future may make practical explorations for new 
ore bodies in this field. 

1. Ore bodies are to be sought only on or near the walls of masses 
of diabase. 

2. Large masses of diabase are more favorable for ore deposits 
than smaller masses. 

3. Crosscutting intrusions and highly inclined sills are more favor- 
able than sills of low inclination. 

4. Limestones and limy shales are far more likely to be replaced 
by ore than clay shales or sandstones. 

5. Particularly favorable locations for ore are found in masses of 
limestone that lie between bodies of diabase and beds that are in a 
marked degree less susceptible than limestone to the metamorphosing 
influence of the igneous rocks. 

G. The most promising situations will be found at places where 
the largest number of the above-stated favorable conditions occur in 
combination. 

Many or all of the more favorable conditions enumerated existed 
at places where the larger ore deposits of the Cornwall type were 
formed, and as several of these conditions may be fairly inferred 
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to exist in a few other localities, usually in the vicinity of the mines 
which have been operated, still other deposits of iron ore may yet 
be found in the same field. The geologic descriptions which follow 
have been prepared with especial reference to the possibility of indi- 
cating situations in which it may prove worth while to look for 
deposits of iron ore as yet unrecognized. 

CORNWALIi AND VICINITY. 

CORNWALL DEPOSITS. 
DISTRIBUTION AND SURFACE RELATIONS. 

The Cornwall ore banks are situated 5 miles from Lebanon, Pa., 
on the south side of the Lebanon Valley, along the edge of which 
Paleozoic limestones and slates give place to intrusive diabase and to 
conglomerates, sandstones, and shales of Mesozoic age (PI. II). The 
different formations have a general east- west trend through all this 
region, and for several miles both east and west of Cornwall the older 
(Paleozoic) and newer (Mesozoic) formations are separated by an 
intrusive mass of diabase which has a width in outcrop of 1,400 to 
2,900 feet. The mines lie just south of this diabase in an isolated area 
of limestone, the southern boundary of which is formed by overlap- 
ping Mesozoic beds. Eastward from the ore hills for a distance of 
somewhat more than a mile a narrow strip of slaty rocks comes be- 
tween the diabase and the lowermost Mesozoic strata exposed in this 
vicinity. West of the workings a narrower strip of the same rock in 
similar position outcrops for perhaps 1,000 feet. The limestones and 
interlayered limy shales south of the diabase have been more or less 
completely replaced by magnetite, somewhat contaminated by pyrite 
and chalcopyrite, and it is these impregnated strata that constitute the 
great deposit from which more than 21,000,000 tons of iron ore have 
been extracted since 1853. 

The position and surface relations of the ore-bearing strata to the 
various rocks which have been spoken of in the foregoing paragraph 
are clearly exhibited on the maps (Pis. II and IV), and the cross- 
sections (PL III) indicate the supposed relations underground. These 
sections are intended to show the kind of structure that seems to be 
required by the existing surface distribution of the various kinds of 
rocks and by their strikes and dips, in so far as these can be observed. 
As guides the sections are believed to be of some value, but thicknesses, 
strikes, and dips of buried strata are manifestly not ascertainable 
factors in cases like the present, where masses of intrusive rock, and 
in addition a great unconformity of deposition, are involved in the 
structure to be interpreted. 

54370— llull. 350—08 2 
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On the surface the ore, together with such masses of lean or barren 
rock as accompany it, is bounded on the west, north, and east by dia- 
base, a tongue of which likewise limits the Big Hill mine on thi 
south. Between the tongue of diabase that forms the southern side ol 
Big Hill and the first exposure of Mesozoic beds in the low ground! 
immediately south of Miners village the slope is covered by loofl) 
debris, so that it is impossible to say what the distribution of the vari^ 
ous rocks actually is. It seems very likely, however, that some of iSi^ 
strata which are elsewhere converted into ore occupy at least a p<^ 
tion of this hidden ground. South of the mines scattered outcropi 
serve to indicate rather closely the northerly limit of the Mesozob 
rocks, the lowest bed of which is a conglomerate composed of angulft: 
quartz fragments in a cement of bluish clay. This peculiar rock hap 
been called porphyry by casual observers, but its clastic nature i 
obvious on close examination. South of the present workings ij 
Middle Hill, and for some distance toward the west, loose debris dfi 
rived from the near-by hill covers the edge of the ore, but the blu 
conglomerate has been revealed in a reservoir excavation near ih 
Mount Hope road, and this rock probably constitutes the immediatt 
capping of the ore-bearing strata from this place eastward to- tin 
exposures along the railroad track just below the superintendent*! 
office. West of the Mount Hope road the same rock may be followed 
for some distance, but in this direction its outcrop approaches tht 
diabase, and the rock is considerably baked and indurated. On thfl 
little knoll just west of the road a narrow strip of slate is present 
next to the diabase, as previously mentioned. 

The blue conglomerate appears to lie at the bottom of a series ol 
carbonaceous shales which are partially exposed along the Mouni 
Hope road, and are well exhibited 2 miles farther west in a cutting 
along the Cornwall and Lebanon Railroad. On the geologic maps 
(Pis. II and IV) the conglomerate and carbonaceous shales aw 
represented by one pattern. 

The area over which the ore-bearing strata were naturally ex- 
posed or have been revealed by stripping is roughly 4,000 feet long 
and from 400 to 800 feet wide, and its extent beneath a superficial 
covering of loose gravel and sandstone debris, though as yet noi 
fully determined, would seem to be considerably more. From dia* 
mond-drill borings south of the present workings it is known thai 
ore continues in this direction for at least several hundred feel 
beyond the edge of the Newark strata that cap the deposit, but th( 
information afforded by these holes has not been available in the 
present study. 
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DIABASE INTRUSIONS. 

The diabase next to the Cornwall deposit is an intrusive mass of 
considerable size and of complex shape. Along the north slope of the 
hills that face the Lebanon Valley its outcrop forms a continuous 
east-west band from a third to a half mile in width and 9 miles 
in length. This body is connected by two southward-trending arms 
with a second band, which lies about 2 miles farther south and 
extends with a west-southwest course across the Susquehanna into 
York County. This southern mass of diabase has the form of a sill 
which follows a group of carbonaceous shales showing generally 
northward dips. Shales of the same group may be traced along the 
edges of the connecting arms both east and west of the Cornwall 
mines, and though local crosscutting may be noted, it is evident from 
the field relations that these surface connections are merely portions 
of the extensive sill that have been uncovered by erosion. On the 
other hand, the diabase of the northern band is a crosscutting 
mass, for it is bounded on the extreme west bv massive sandstones 
of the Mesozoic ; then by the same rocks on the south and by 
Paleozoic limestones on the north; next, just south of Bismarck, by 
black Mesozoic shales on both sides ; farther east by these shales and 
blue conglomerate on the south and by the slates which form Mill 
Eidge on the north ; at the mines by the limestones impregnated with 
ore and the slates of Mill Ridge ; east of the mines as far as Rexmont 
by these slates on both sides; and thence, to a point beyond the 
Lebanon waterworks main reservoir, by Paleozoic limestones on the 
north and by Mesozoic strata on the south, except where small out- 
crops of slate and limestone just south of the dike have been re- 
vealed by two of the three streams that supply the waterworks. 
(Through an error only two of these streams appear on the sketch 
map, PI. II.) 

From the conclusions that the southern diabase band is the crop- 
ping of a sill and that the northern band is a dike, it is but a natural 
step to regard the latter as having been the feeder of the former ; and 
the warrantable belief that this is the actual relation forms the basis 
of the structure represented in the cross sections (PI. III). That 
there is a connection between the dike and sill in the vicinity of the 
mines is indicated by the reported presence of diabase beneath the 
ore-bearing strata in all the diamond-drill holes that have been bored 
south and southwest of the present workings. It is hardly to be 
doubted that the sill forms a continuous sheet beneath the oblong 
area about 6 square miles in extent, which is surrounded by an un- 
broken outcrop of the diabase. 
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STRUCTURE OF THE BEDS. 

Within this area, rimmed by diabase, the observed dips are toward 
the north, and the average inclination of the strata has been taken 
by Lesley and D'Invilliers ^ to be between 12° and 15°. If, however, 
the diabase mass be accepted as a sill following the group of car- 
bonaceous beds, it is evident from the distribution of these shales that 
in that part of the area lying west of the Cornwall Railroad the 
effective dip toward the north must be much less than 12°, because 
the shales outcrop on the south side at elevations between 700 and 
800 feet, and just south of the mines their croppings are barely 100 
feet lower. East of the railroad the strata may be somewhat more 
steeply inclined, as higher and higher horizons of the Mesozoic strata 
come into contact either with the diabase dike or with the slates 
which adjoin it for nearly 2 miles eastward from Miners village. 
In this direction it seems that the carbonaceous shales are overlapped 
by higher beds of sandstone and red shales, so that their contact with 
the Paleozoic rocks may lie well back from the edge of the diabase 
dike and some distance below the lowest Mesozoic strata locally 
exposed by the stream cuttings. 

In Lancaster County (Pis. II and III), beyond the southern edge 
of the sill, lower and lower Mesozoic strata emerge, with east-north- 
east strikes and constantly increasing northward dips, until the 
boundary with underlying slates is encountered about 2 miles south 
of Penryn. The basal contact on this side of the Mesozoic belt is a 
nearly straight line, trending slightly south of west, extending from 
Hopeland past Brickerville to the bend of Chickies Creek, just north 
of Wliiteoak station, and thence nearly to Mastersonville, where it 
takes a more southerly course, reaching Susquehanna River at Bain- 
bridge. Near this southern boundary the dips of the Mesozoic strata 
are steep and locally are even overturned. Allowing for the ob- 
served gradually decreasing inclination toward the north, we have 
an estimated thickness of strata amounting to about 6,500 feet be- 
tween the bottom of the Mesozoic and the group of carbonaceous 
shales in which the intrusive sill occurs ; yet near the Cornwall mines, 
barely 1^ miles north of the point where the shales outcrop, and soiith 
of Bismarck, about 2 miles distant, the same beds are seen to have 
been deposited directly upon the Paleozoic rocks. This striking rela- 
tion and its proper interpretation have an evident bearing on the 
correct understanding of tlie structural features of the Cornwall 
deposit, and consequently on any attempt to determine the possibility 
of the existence of other similar deposits in the neighborhood. The 
explanation suggested is that the Mesozoic beds were laid down 
under such circumstances that successively higher strata were spread 

« Cornwall iron -ore mines : Ann. Rept. Geol. Survey Pennsylvania for 1885, 1886. 
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farther and farther toward the north against a continually receding 
shore. In other words, the facts observed indicate that the Mesozoic 
basin was sinking and widening as deposition went on, so that from 
south to north there is a marked overlap of the Mesozoic strata upon 
the Paleozoic basement. On the assumption that to this overlap is 
due the disappearance of the lower strata toward the north, a struc- 
ture section from Lebanon to Wliiteoak station has been drawn to 
show the general relations of the rocks (PI. III). The north end of 
the section as far as Mill Ridge has been copied from the report of 
Lesley and D'Invilliers.* It is to be observed that inasmuch as noth- 
ing is known concerning the width of the dike below ground or the 
attitude of its walls in depth the representation of these features on 
the section is entirely conjectural ; also that in showing the Paleozoic 
limestone and slate beneath the Mesozoic rocks the intention is 
merely to suggest that they form a basement upon which the younger 
strata were deposited, and not to present even a guess concerning the 
structure or distribution of these formations underground. 

EXTENT OF THE DEPOSITS. 

General statement. — Attention may now be directed to the manner 
in which the Cornwall deposits embody all the favorable conditions 
listed on page 16. They occur next to a considerable body of diabase, 
which exhibits crosscutting relations to the stratified rocks adjacent. 
They are confined to limestone strata cut by this diabase, and these 
beds of the limestone are capped both by Paleozoic slates and by 
Mesozoic carbonaceous shales. Metamorphism of the sort which has 
affected the limy strata is almost lacking iu both of these cap rocks; 
and though they are baked in the near vicinity of the diabase, the con- 
clusion seems to be justified that they were not permeated by the 
mineralizing waters to the same extent that the limestones were. It 
seems a fair assumption that these rocks were from their nature rela- 
tively impervious to the solutions which formed the ore, and that they 
served in a very important degree to prevent the dispersion of these 
waters and to confine their movements and effects to the limestones 
pnd limy shales beneath them, a great body of which had been caught 
lip in the angle between the crosscutting dike on the north and the sill 
extending out toward the south. There is every reason to believe that 
the great magnetite deposit at the Cornwall mines was formerly 
capped entirely over by beds of sandstone and shale, and that the ap- 
pearance of the ore body at the surface is due to rather modern ero- 
sion. If so, two questions which naturally present themselves are: 
(1) AVhat part of this deposit is still buried beneath barren rock? 

« Cornwall iron-ore mines : Ann. Kept. Geol. Survey Pennsylvania for 1885, 1886, p. 52(J. 
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(2) I.'t it nrit prrjfjaM#^ tFiat at other localities in the Ticinity there are 
Ukf flfjffr-iiri whifrh. iIk^ii^ not nncorereri by natural processes* may 
\)f fouiKl bv ^xploratirH) f 

T/f/f Cor/t^rtill or*- hr,4ltj. — I>iamond drilling now { 190^ > in progress 
Kill, if r-y-tfrnatifally rimtiniieil. eventually «Ielimit the Cornwall ore 
IkkIv. From a ^f-r>lojri'' fK>int of view the -trata which carrv the ore 
may Ur t-xifff^M to nin out under the Me^ozoic cov<^ toward the south 
in the fomi of a we^l^e. the thin e«J«rp of which will Ije encountered 
wlif-re the r-ill of diaha-e. ri-in<i towanl the H»uth. reaches the uncon- 
foniialile ^urfarf? Ijetween the ore-lie:iring strata and the orerlving 
rarlKHiar-e^iu- r-half-s < PI. III>. Tliat maflmetite should continue to 
form rro lar^e a jirojKirtion of the rrjck in thi- dire^rtion as it does near 
the rrrTSrcuttin^ rlike ^4*#?m.s improbable from the theory which has 
ItH'U >^tatefl coiiceniin^ the ori^n of the ore-^. 

Ju-^t we-t of the (fra.->y Ilill mine the diabase is seen on the sur- 
face to trend din^rtly acros> the >trike of the ore-bearii^ strata and 
to ronie into contact with the overlying >late, which is exposed on 
the north slope* of the little knoll west of the Mount Hope wagon 
road. It sc»c?m.- i)Ossif>le that the limv l)eds which elsewhere carrv 
the ores may Ik» pres<*nt l)eneath this patch of slate, but farther west, 
where the carbonac(K>us shales appear in contact with the diabase, 
the sill s(^;ms to Ik? entering this group of IxhIs, so that in this vicinity 
then; is nf) place south of the dike for the limestone beds to be present 
except beneath the sill. Starting from a point about 1,000 feet west 
of the Mount IIo])e wagon road, where the carbonaceous shale over- 
laps the slate and comes into contact with the diabase, an irregular 
line drawn to the southern edge of the ore-bearing strata, when the 
posit ifjn of this edge is determined by the drill, will indicate the 
general limit of these strata south and southwest of Grassy Hill. 

Kast of the railroad and south of the diabase hook which forms 
the south side of Big Hill, the ore-bearing strata should be present 
just beneath the rather thick cover of surface debris. Slates appear 
on (he hill slopes north of the eastern part of Miners village, and 
MS these jjeds are known to lie stratigraphically above the limy beds, 
the latter nre i)r()bably in contact with the diabase dike at a moderate 
de|)th beneath tlie capping of slate. 

1'he shites continue as a narrow band from Miners village to the 
Kexniont -Overlook road. The presence or absence of the uppermost 
sti'ntn of the valley limestone inmiediately beneath the slate, and, 
if |)resent, the thickness of the mass, are dependent on the local ex- 
istence of fi direct connection between the dike and the sill and on 
the depth at which they join. It is evident that if a connection 
l)(»t\veeii the sill and the dike exists just beneath the slate there can 
be no lim<»st(>n(» above the sill, and that the deeper the connection the 
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thicker will be the mass of limestone caught in between the dike 
and the sill. However far the limestone strata may extend along 
the southern wall of the dike, which trends northeastward from 
Miners village, just so far are the structural relationships between 
the different sorts of rock similar to those which have favored the 
deposition of ore at the Cornwall mines. All of this ground, as far 
as the road leading from Rexmont 'to Overlook, is regarded as likely 
to contain a continuation of the Cornwall ore bed and to warrant 
such expenditure as would be required to prospect it adequately. 
(See Rexmont-Overlook section, PI. III.) 

To summarize, it seems that exploration should be extended along 
the strike of the deposit for about 1,000 feet toward the west and for 
at least 5,000 feet toward the east. 

Near-hy deposits, — In regard to the possibility that similar depos- 
its may occur in other localities, it may be said that from the geologic 
point of view they may very well exist in several places. 

East of the Rexmont-Overlook wagon road the southern edge of 
the Cornwall diabase dike exhibits a crosscutting contact with the 
Mesozoic beds as far as the first of the three creeks which afford Leb- 
anon's water supply. Here outcrops of slate on the western bank of 
the stream and next to the diabase presumably correspond with the 
slate occurring in Mill Ridge and on the opposite or south side of 
the dike in the neighborhood of the Cornwall mines. On the ridge 
above this outcrop Mesozoic rocks are found, and the surface of over- 
lap or unconformity lies somewhere between. 

The next ravine to the east has been dammed to form a collecting 
reservoir, along the shores of which flat-lying strata of shale and 
limestone are well exposed. During the construction a mass of mag- 
netite, which, though it proved to be a pocket, is said to have fur- 
nished 500 tons of ore, was encountered in an excavation on the east 
side of the creek below the dam. From what may be seen at present, 
it is evident that this pocket of ore occurred between the wall of the 
diabase dike and limy strata lying just under the overlapping Meso- 
zoic beds. All the sedimentary rocks are considerably metamor- 
phosed, silicate minerals and small segregation of specular hematite 
being largely developed in the Mesozoic strata for several hundred 
feet to the south. 

Several years ago the Lackawanna Iron and Steel Company put 
down three test holes in this vicinity, hoping to develop a workable 
deposit of magnetite. Hole No. 1 was situated a short distance north 
of the excavation referred to above. No. la about 125 feet farther 
north, and No. 2 on the ridge about 300 feet east of the excavation 
and about 120 feet above the creek. The following records of these 
holes have been furnished by the company : 
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Records of drill holes near collecting reservoir, 
HOLE No. 1. 



Feet. 

Earth 4i 

Diabase 141^ 



14G 
HOLE No. la. 

Earth lOJ 

Diabase 91i 



HOLE No. 2. 

Feet. 

Earth 41 

Soft sandstone 26^ 

Diabase 54^ 

White limestone 24 

Diabase 27 



173 



102 

The configuration of the surface is such that hole No. 2, though 
173 feet deep, penetrated only 51 feet below the level of the stream. 
Two interpretations may be placed on the section determined by hole 
No. 2 — that the two bodies of diabase are wedges from the main dike 
extending out into the stratified rocks, or that there is here merely a 
waving contact between the dike and the stratified rocks penetrated 
by it. A hole situated 100 feet or more farther south might be ex- 
pected to encounter a greater thickness of Paleozoic limestone, and 
there is the possibility that certain layers might be impregnated with 
magnetite. On the whole, in spite of the unfavorable result of the 
tests mentioned above, it seems that it may yet be worth while to 
make further explorations along the south side of the Cornwall dike 
from the reservoir westward to the Rexmont-Overlook road, and, 
as already suggested, thence to Miners village. In all probability a 
bore hole situated 100 or 200 feet south of hole No. 2 on the ridge 
above the reservoir would penetrate a considerable thickness of 
Paleozoic limestone beneath the overlapping Mesozoic beds, and there 
is no obvious reason why certain layers of the limestone may not be 
replaced by magnetite. 

Eastward from the reservoir, where the pocket of ore was found, 
the limestone lying beneath the Mesozoic beds can not extend far 
before being cut by the dike, which within a short distance turns 
southward into the Mesozoic area and changes from a strongly cross- 
cutting dike to a sill following the bedding of the Mesozoic rocks. 

In all probability a bore hole or shaft less than 50 feet deep lo- 
cated above the diabase in the ravine southeast of Rexmont would 
reveal slate or limestone, either one of which if present would war- 
rant deeper exploration, even if no ore were discovered in the upper- 
most layers of the limestone. A fact which would seem to mark this 
as a promising place for prospecting is the occurrence of ore on the 
opposite side of the diabase dike at the old Doner mine northeast of 
Rexmont. 

The southern border of the Cornwall diabase dike westward from 
its junction with the sill southwest of Cold Spring crossing shows a 



CORNWALL DEPOSITS. 25 

strongly crosscutting contact with massive Mesozoic sandstones. Be- 
tween this contact and the outcrop of the diabase sill to the south no 
detailed observations have been made, so that little definite informa- 
tion concerning the structure of the area of Mesozoic rocks lying 
north and south from the Cornwall and Lebanon Railroad is at hand. 
However, red sandstone beds exposed near the railroad crossing one- 
half mile northeast of Mount Gretna station show a dip of about 
25° N., and the contour of the west edge of the sill between the moun- 
tain known as Governor Dick and the railroad west of Cold Spring 
crossing likewise indicates a strong inclination of the strata in a 
northerly direction. Furthermore, only northerly dips are observed 
south of the railroad along the outcrop of the sill, and it is fairly 
assumable that the whole block between the two bands of diabase is 
rather strongly tilted in this direction. If this is accepted as a fact, 
the group of carbonaceous shales would nowhere meet the cross- 
cutting dike le^s than 100 feet below the contact line as seen on the 
surface, except within a few hundred feet from the point where the 
southern edge of the dike crosses the wagon road west of Cold 
Spring. As the sill is known to lie in the carbonaceous shales for a 
long distance westward from the headwaters of Chickies Creek, and 
also, as it follows these strata both east and west to Cold Spring cross- 
ing, it seems most likely that it continues to occupy this position be- 
neath the Mount Gretna block all the way from the southern outcrop 
to its buried junction with the feeding dike. This probability 
points to the failure of explorations which might be undertaken be- 
tween the Cornwall-Colebrook road and the diabase dike, with the 
expectation of locating limestone strata in contact with the diabase 
dike, unless the search be extended beneath the sill of diabase. 

Along its northern edge the diabase dike is bounded in different 
parts of its course by four distinct sets of strata. On the extreme 
west its northern wall is formed by Mesozoic sandstones for a dis- 
tance of li miles to a point a short distance west of the wagon road 
leading from the Horseshoe pike to Mount Gretna (PL II) . From this 
place to the next north-south road the bounding rock is evidently 
limestone, though the line of contact is completely obscured by a cover 
of surface debris. The boundary has been represented on the map by 
a random line, the accuracy of which might possibly be improved 
by more detailed examination than has as yet been made in this 
vicinity. On general principles this contact may be included among 
favorable situations for the occurrence of iron ore, though but little 
emphasis is placed on the suggestion in view of the very slight study 
which has been given to the locality. Should the surface wash prove 
to be as deep as it seems to be at first glance, failure to have dis- 
covered float ore in tilling the fields can not be regarded as a strong 
argument against the possibility of ore masses being present in the 
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limestone near the wall of the intrusive dike. The onlv one of the 
five features favorable to ore segregation mentioned on page 16 which 
seems lacking in this vicinity is an impermeable cap rock over the 
fitrata lying adjacent to the diabase. At the same time the lime- 
stones do not include the strata immediately beneath the slates which 
comprise the ore-bearing beds at Cornwall. 

Farther east there is an extensive patch of carbonaceous shale be- 
tween the valley limestone and the diabase. Being identical in ap- 
pearance with the Mesozoic black shales in the railroad cutting on 
the south side of the dike, within the narrow angle between the dike 
and the sill, these beds are supposed to belong to the same horizc. . 
They lie nearly horizontal, and are supposed to rest directly upon the 
limestone or possibly in part upon slate, as do similar beds just south 
of the ore banks. Every geologic consideration points to this as good 
prospecting ground. It may be that slates (corresponding to those 
Avhich outcrop in the wagon road one-half mile southwest of Bis- 
marck) lie between the carbonaceous shale and the limestones in the 
vicinity of the diabase contact, but somewhere at no great depth beds 
of limestone belonging to the same horizons as those which have been 
converted into ore at the Cornwall mines must come into contact with 
the intrusive diabase. Capped as these beds are by strata only 
slightly permeable by circulating waters, the conditions would seem 
to be very similar to those which led to the production of the Corn- 
wall deposit. If the boundary between the shales and the diabase 
can be taken to indicate the general shape of the northern wall of the 
dike, there is here an embaynfient from the north resembling in a 
Avay the one from the south, which is occupied by the Cornwall 
deposit. 

From the Bismarck-Mount Hope road to Rexmont the Cornwall 
diabase dike is bounded on the north by slates, which occupy a band 
300 to 400 feet wide along a line of hills known as Mill Ridge. These 
slates were assigned by Lesley and D-Invilliers to " Formation No. 
Ill " of the Pennsylvania Paleozoic section, and they were regarded as 
resting conformably upon the limestones of " No. II," with a generally 
rather low dip toward the south. These suggestions seem entirely 
correct, and it is concluded that as far as these slates extend east and 
Avest along the north side of the diabase dike the uppermost beds of 
the valley limestone, or " Formation No. II," must come into contact 
with the diabase at a very moderate depth and offer a favorable con- 
dition for the existence of iron ore. Though this suggestion is made 
entirely on the basis of the principles set down on page 16, it finds 
strong corroboration in the fact that ore occurs just beyond the 
eastern outcrops of the slate at the old Doner mine. The strata in 
w^hich the ore occurs at this point are evidently to be included among 
the uppermost layers of the valley limestone, and their contact with 
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diabase, though hidden by surface wash, can not be far distant from 
the mine. It is believed that the geologic features of the Doner mine 
are essentially those which exist beneath the surface for more than 
2 miles westward from Rexmont, and there is every indication that 
the rocks are identical in stratigraphic position with those which 
contain the great deposit of ore in the Cornwall mines. Separated 
from the mines only by the dike of diabase held to be responsible 
for the segregation of iron in the deposits already known and worked, 
this ground would seem worthy of systematic exploration. 

From the north-south road leading to Rexmont as far eastward as 
Horst's mill, deep wash derived from the near-by hills completely 
hides the northern edge of the diabase dike, and it is only at the 
Doner mine that rocks near the contact are exposed at all, and even 
here nothing definite can be made out regarding the attitude of the 
strata. The mine is said to have furnished 5,000 tons of ore similar 
in every way to the surface ore at the Cornwall banks but occurring 
intermixed with loose sand. The pit from which the ore was mined 
is now completely caved in, but seems to have been 40 or 50 feet wide 
and perhaps 250 feet long. North of the workings bowlders of hard 
magnetite are found in the soil over an area 700 to 800 feet square. 
This material is supposed to be float from the Doner deposit. Sev- 
eral years ago two or three holes were drilled on this property, but 
beyond the report that no attractive ore body was encountered records 
of this work have not been procured. From the fact that the old 
workings extended east and west, three possibilities may be consid- 
ered as to the shape of the ore mass in its original state, before it 
became broken down by surficial weathering, and it is believed that 
negative results at this place are not to be considered as finally ad- 
verse to the presence of a workable ore body until tests have been 
carried out with reference to each of these possibilities: (1) The 
impregnated rock may have been a layer in the limestone capped over 
by a barren stratum. If, then, the beds have a southward dip the 
edge of the diabase may lie some distance to the south; (2) the ore 
may have formed along the wall of the dike as a replacement of a 
limited amount of limestone in contact with the intrusive rock; in 
this case the diabase would be found very near the old workings; 
(3) the ore may have been deposited along the walls of a fissure 
running parallel with the wall of the dike, but at some distance from 
it. The deposit of ore at the old Carper mine, 8 miles west of Corn- 
wall, seems to have had this origin. 

The contact of diabase with the valley limestone eastward from 
the Doner property to the main reservoir of the Lebanon waterworks 
is hidden by a heavy apron of sandstone debris, so that the line 
representing the boundary on the sketch map is only an approxima- 
tion. Though ore may occur along this contact, prospecting would 
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hardly be taken up unless favorable results had been obtained in some 
of the more accessible localities suggested above. 

MINES WEST OF CORNWALL. 

Near the edge of the Mesozoic belt between Cornwall and Susque- 
hanna River there are two minor occurrences of magnetic ore — one 
at the old Carper mine in Lebanon County, about 1 mile southeast of 
Mount Pleasant, the other in Dauphin County, about 2 miles south- 
east of Hummelstown. 

CARPER DEPOSIT. 

The Carper deposit, from which 1,500 tons of ore have been mined, 
appears to lie in a fault break, which may be regarded as a westward 
extension of the fissure which holds the Cornwall diabase dike. North 
of the ore pit the rocks are Paleozoic limestone, while to the south 
are baked shales, followed by diabase. The shales were regarded by 
Lesley and D'Invilliers as equivalent to the slates of Mill Ridge 
occurring at Cornwall,** but to the writer they seem to belong with the 
Mesozoic strata. 

The diabase which outcrops south of the mine is a sill which fol- 
lows the Mesozoic strata. The sill strikes northeast and southwest, 
and dips toward the northwest. The trend of the diabase is diagonal 
to the course of the fault, and the intrusive rock does not continue 
north of the break. On the geologic map (PI. II) it has been repre- 
sented as ending at the fault, though exposures are not sufficient to 
show that it actually extends as far toward the northeast. Toward 
the southwest the diabase widens in outcrop and is known to consti- 
tute a large mass. The sandstones and shales near it are strongly 
baked or indurated, and are also bleached to a considerable extent. 
The occurrence of the ore in the fault fissure, the presence of the igne- 
ous rock near by, and the fact that the inclination of the diabase mass 
toward the north and northwest would carry it beneath the place 
where the ore outcrops make it probable that the deposit was formed 
by solutions circulating along the fault break and impelled by the 
heat of the buried diabase. If the true relations of the deposit are 
as here suggested, the ore should persist in depth and should also 
occur at other points along the fault both east and west of the old 
mine. Though the exact position of the fault is hidden by over- 
washed debris from the adjacent hills, no serious difficulty would be 
experienced in finding it by means of excavations. This fault ap- 
pears to be the westward extension of the fissure occupied by the 
crosscutting mass of diabase at Cornwall. 

Iron ore is reported to occur about 1 mile southwest of Mount 
Pleasant, where some prospecting was done several years ago. This 

« Ann. Rept. Geol. Survey Pennsylvania for 1885, 1886, p. 544. 
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locality was not found, and it is not known that the ore is of the 
Cornwall type. In this neighborhood the Paleozoic limestones con- 
tain several masses of intrusive diabase, so that it would not be at 
all surprising to find ore like that of the Cornwall mine. 

• '■ "' 

HUMMELSTOWN DEPOSITS. 

The deposits 2 miles southeast of HummelsYovfen axe situated well 
within the belt of Mesozoic rocks on the east sido- of .Waltonville 
Brook. The ore, consisting of magnetite and specular hcm^tjte some- 
what contaminated by pyrite, occurs in pockets, several of VhicJx have 
been worked out, but from what may be seen the deposits could hardly 
have been of any great importance. A small amount of garnet oicciirs 
with the ore minerals. The old workings are in the valley of a small 
stream and extend in a general east-west direction for a distance of' 
about 2,500 feet. Except along the wagon road there are few ex- 
posures of rock in place in the vicinity. North of the ravine in 
which the ore pits are situated the strata stand in nearly vertical 
position, but south of the ravine the beds of sandstone have a north-'^ 
erly dip of about 20°. From these observations it is evident that the 
deposits occur adjacent to and probably in part along a strong fault 
break. Everywhere in the vicinity of the fault the sandstones are 
greatly bleached and indurated, as similar rocks are elsewhere in the 
neighborhood of diabase masses, and, though no outcrops of the 
igneous rock appear in the immediate vicinity, it is believed that 
diabase must be present at some unknown depth beneath the surface 
and that waters heated by this rock, or perhaps derived from it, were 
responsible for the general metamorphism and for the segregation of 
the iron ores. 

Though the deposits are of interest to the student of ore genesis, 
it does not seem that they offer sufficient encouragement for more 
extensive exploration. 

BERKS COUN^TY DEPOSITS. 

WHEATFIELD GROUP. 
GENERAL DESCRIPTION. 

The Wheatfield group of mines, with which the Ruth mine is here 
included, is situated about 7 miles southwest of Reading and a short 
distance southeast of Fritztown station, on the Columbia division 
of the Philadelphia and Reading Railroad. (See PI. VI.) In their 
geologic features the deposits of iron ore at this place show certain 
striking resemblances to the Cornwall deposits 20 miles to the west. 
The ores occur as irregular masses, having a general layer-like form. 
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interbedded with limestone strata, but the ore bodies are numerous 
rather than large, and lack of pei*^stency is a marked characteristic. 
In respect to stratigraphic position, the strata which carry the de- 
posits do not correspond w^ith those of the Cornwall mine, for they 
apparently belong at the b^se of the Paleozoic limestones (" No. II " 
of the Second Penasyjvania Survey), as at the Raudenbusch and 
Island mines nejjr.KeaSing and at Boyertown. This conclusion re- 
garding the.equiyalence of these strata is not based on a critical study 
of the qu^strnji by the present writer, but is deduced from recorded 
descriptionxby D'Invilliers and from the distribution of the Paleozoic 
formjtfiohB as exhibited on his geologic map of Berks County.* 
..^ £tke"the deposits at Cornwall, Reading, and Boyertown and at the 
TRbn'fes mine, the Wheatfield deposits occur very near the overlap of 
-Mesozoic beds and adjacent to a large intrusion of diabase. 

DIABASE INTRUSION. 

/ 

The ore-bearing strata appear at the surface along the east and 
north sides of a roughly rectangular area of sedimentary rocks, form- 
ing a northward embayment in the principal diabase mass of the 
district. The greater part of this area, which is nearly a mile long 
and three-fourths of a mile wide, is covered by Mesozoic rocks. The 
older strata, in which the ore occui*s, are restricted to a band 150 to 
250 yards wide next to the curving edge of the diabase intrusion. 
The south edge of this band is formed by the overlap of the Mesozoic 
beds, south of which there is an outlying, irregularly shaped mass of 
diabase opposite the embayment in the main intrusion. (See Pis. 
V and VI.) 

The mass of diabase that curves around the Wheatfield group of 
mines constitutes the western termination of an intrusion which 
extends 7 miles eastward to Schuylkill River and thence somewhat 
more than 10 miles in a southeasterly direction along the western 
side of the broad Schuylkill Valley (PI. V). The outcrop of this 
diabase is from one-third mile to 1 mile wide. Throughout the 
greater part of its course it lies wholly within the Mesozoic area, 
where it has the form of a sill, closely following the stratification of 
the incasing rocks. Near the Schuylkill, however, where its course 
changes from east to southeast, and also near the Wheatfield mines, 
marked crosscutting may be observed, and Paleozoic as well as Meso- 
zoic rocks come into contact with the diabase. It is in these Paleo- 
zoic strata near the diabase that the ore deposits occur at the Fritz 
Island and Raudenbusch mines south of Reading, and at the Wheat- 
field mines 7 miles farther east. (See cross sections, figs. 1, 2, and 3.) 

" Geolosy of the South Moiintriin belt of Berks County : Second Geol. Survey Pennsyl- 
vania, Rept. D3, pt. 1, atlas, 1883. 
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CHARACTER OF THE ORES. 

The Wheatfield mines have not been extensively worked for more 
than twenty years, though small amounts of surface ore have been 
extracted from time to time, the. last mining having been done in 
1905 and 1906. The ore to a depth of 30 or 40 feet is reported to be 
invariably soft or earthy, evidently as a result of the ready decompo- 
sition of the original ore, owing to the presence of considerable 
I)yrite. These soft ores have been desired by ironmasters for mix- 
tures, but the nnweathered or hard ores seem to have found little 
favor, as they are at once of rather low iron content and so high in 
sulphur as to require roasting before they can be used in a blast fur- 
nace. Apparently for this reason, and because the deposits are not 
large or even persistent, these mines have not been more systematic- 
ally developed. 

STRUCTURE OF THE ROCKS. 

Most of the old workings of the group are situated near the east 
side of the area of sedimentary rocks which sets back from the south 




Fig. 1. — North-south structure section 400 feet east of Ruth mine, Wheatfield group 
(along line A-A\ PI. VI). 1, Mesozoic beds; 2, Paleozoic slate; 3, Paleozoic limestone; 
4, diabase intrusion. 

into the diabase dike and south of the east-west public road which 
follows the upper valley of Cacoosing Creek. About a dozen open 
pits have been operated at various times, and in addition many 
slopes and several vertical shafts. Across the creek, on the north 
side of the wagon road, there is an opening, formerly known as 
slope No. 1, and in 1905 some surface ore was taken out by means of 
a slope located a short distance east of these old workings. The 
Ruth mine is situated about one-half mile west of slope No. 1, about 
200 yards east of the direct road from Fritztown to Adamstown. 

In the more southerly Wheatfield workings the s'trikes of the strata 
run nearly north and south, as shown both by the direction in which 
the pit workings extend and by the beds of limestone exposed in the 
old excavations; but farther and farther north the strata turn more 
and more toward the northwest and finally run nearly east and west 
at slope No. 1. Dips are here invariably toward the concave edge 
of the curving band of ore-bearing rocks and away from the wall 
of the surrounding diabase. At the Ruth mine, where the strata are 
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fairly well exposed in the open cut, the stratification is found to be 
nearly horizontal, though the ore body is reported to dip 30° S., 
indicating that it is not conformable to the bedding of the inclosing 
rocks. Both here and at slope No. 1 the foot wall of the ore is dia- 
base and the immediate hanging wall is limestone or limestone brec- 
cia. In both places also the limestone capping above the ore is over- 
lain by slate, and in the hills south of the Ruth mine debris of this 
slate and a few shallow excavations show it to have a thickness of 
about 80 feet. At slope No. 1 its thickness can not be determined and 
the area which it covers can not be defined, owing to lack of exposures. 
No stratum corresponding to the slate mentioned above has been 
encountered in the workings situated south of the public road, but 
the changing strike of the bedding toward the north along the ore 
band toward slope No. 1, together with the fact that the limestone 
layers in the Ruth mine, in slope No. 1, and in several of the southern 
workings are similarly composed of fragments, would make it ap- 
pear that the strata occurring in the southward-trending leg of the 




Pig. 2. — North-south structure section near slope No. 1, Wheatfleld group (along Hne 
B-B', PI. VI). 1, Mesozoic beds; 2, Paleozoic slate; 3, I'aleozoic limestone; 4, Paleozoic 
quartzite ; 5, diabase intrusion. 

strip in which the ore is found lie stratigraphically below the bed of 
slate. In this case, as the beds dip toward the west, it is possible 
that the slate may be present west of the main workings beneath the 
surface capping of the Mesozoic sandstones. 

Two beds of limestone, one solid and the other made up of frag- 
ments, are exposed, with low southerly dips, in the creek bed be- 
tween the two main tributaries from the south (PL VI). These 
strata are supposed to correspond with those in the main Wheatfleld 
workings, and their presence in this place suggests that the slate at 
slope No. 1 can not be connected by continuous outcrop with the slate 
at the mine. The dips at the two places are not in accord, and it may 
very well be that there is a fault between. 

In the bed of the more westerly of the two northward-flowing 
brooks (PI. VI), 500 or 600 feet above its junction with the main 
creek, green clays containing disseminated crystals of magnetite are 
found. This material resembles some of the earthy material from 
the mines, and with little doubt it represents the weathered crop of a 
stratum belonging to the set of beds which carries the ore deposits 
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1^ miles to the east. Appearances also favor the opinion that this 
horizon is nearly the same as that of the ore-bearing beds at slope 
No. 1 and at the Ruth mine. Outcrops of Mesozoic sandstone are 
seen on the east bank of the brook near by, and 1,000 feet or so up- 
stream red shales and sandstones are present, striking N. 10° E. and 
dipping 30° W. In the bed of the eastern brook the strike is the 
same, but the dip is only 10° W. 

The attitude of the rocks in the several places mentioned above 
shows that there is a strong unconformity between the Mesozoic 
sandstone and the set of strata which carries the ores; this is also 
shown by the fact that in some places the younger beds rest directly 
upon the limestones, whereas in others, as on the knoll south of the 
Ruth mine, they were deposited upon the stratigraphically higher 
slate. This relation mak^s it evident that none of the rocks which 
incase the ore can belong to the Mesozoic, though the contrary was 
believed to be the case by Rogers, whose opinion was accepted by 
Willis,** and by D'Invilliers ^ at the time his report upon the geology 
of Berks County was written. 




Fig. 3. — East-west structure section 1,000 feet south of public road, Wheatfleld group 
(alon^ line C-C, PL VI). 1, Paleozoic slate; 2, Mesozoic beds; 3, Paleozoic lime- 
stone; 4, diabase intrusion. 

The rocks in the neighborhood of the Wheatfield group of mines 
are sufficiently exposed to reveal very complicated geologic relations 
without being well enough shown to make possible the determination 
of these relations in detail. Information is lacking which might 
suggest the shape of the diabase intrusion underground or which 
might lead to an estimate regarding either the thickness of the cal- 
careous beds which carry the ore deposits or the nature of the strata 
which lie below them. Air these points must be known in at least a 
general way before geologic cross sections of any practical value can 
be drawn. The sedimentarv rocks of the area which sets back into 
the main dike of diabase may be partly or entirely underlain by a 
mass of igneous rock forming a connection between the main cross- 
cutting dike and the southerly body of diabase, or it may be that the 
surrounding masses of diabase approach each other only at rather 

« Willis, Bailoy, Tenth Census, vol. 15, p. 228. 

» Second Geol. Survey Pennsylvania, Rept. D3, 1883. 

54370— Bull. 359—08 3 ' ' 
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great depth. Whatever the actual relations may be, they can not be 
made out from features observed on the surface, and their determina- 
tion must await information furnished by diamond-drill explorations. 
Systematic study of the Paleozoic formations of the district might 
definitely fix the position of the Wheatfield ore-bearing strata with 
reference to the quartzite which occurs in the ridge just north of the 
diabase intrusion, and furnish a basis for estimating their thickness 
in the vicinity of the mines. These determinations would be, how- 
ever, of small practical value compared with data which might be 
procured incidentally if a few well-located holes were drilled to test 
the downward extension of the ore-bearing strata and the degree to 
which they are mineralized in depth. 

PRACTICAL CONCLUSIONS, 

Though so much is indefinite or unknown regarding the geology of 
the Wheatfield deposits, yet the number and distribution of the ore 
beds already worked, the observable structure of the strata in which 
the deposits lie, and the general relations which they bear to the dia- 
base mass and the overlying Mesozoic strata, when considered to- 
gether, suggest that the expense of a certain amount of exploration in 
the northern half of the sedimentary embayment would be justified by 
the chances of locating important bodies of ore. As already stated, 
the impression gained from strikes and dips in the band of ore-bearing 
strata, and from the occurrence of the two patches of slate at the Ruth 
mine and slope No. 1, is that the strata which carry the ore beds in 
the southern group of mines lie stratigraj^hically below the slate. At 
the Ruth mine the slate and limestone beds lie nearly horizontal, and 
it seems that a hole drilled anywhere between this old opening and the 
first northward-flowing creek to the east must penetrate the whole set 
of ore-bearing beds unless part of them are cut out beneath by the 
intrusive diabase. The proximity of the diabase would lead to the 
expectation that beds suitable in composition for impregnation with 
iron minerals w ould be, in part, at least, converted to ore. Southward 
from the Ruth mine the limy strata are overlain at first by slate and 
finally by sandstone as well, but beneath perhaps 150 feet of this cap- 
ping they doubtless come into contact with the cross-cutting mass of 
diabase which forms the bold hills west of the wagon road, and the 
vicinity of this contact is again favorable to the presence of ore. 

It is probable that under the meadow which extends along the 
creek the set of ore-bearing strata would be encountered immediately 
beneath the valley wash, as indicated by the beds of limestone out- 
cropping between the two northw^ard-flowing tributaries. Further- 
more, the southward dip of the diabase Wall in slope Na 1 suggests 
that these strata will be found resting npQi^ tim inclined floor of the 
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intrusive rock in a manner reproducing in a way one of the striking 
features of the Cornwall deposit. 

From a practical standpoint deep prospecting in the vicinity of the 
main workings of the Wheatfield group would seem to offer somewhat 
better chances for a successful outcome than explorations elsewhere 
in the neighborhood, because the presence of ore in so many places 
reveals the fact that there has been a very important amount of min- 
eralization. With reference to the theory that the ores of the Corn- 
wall type have been produced by replacement of limy strata induced 
by the intrusive diabase, it is more than likely that the mineralizing 
solutions percolating through the rocks moved away from the hot dia- 
base rather than toward it and at the same time tended mainly up- 
ward toward the surface rather than downward toward the source 
of heat. 

This line of reasoning leads to the expectation that the ore bodies 
coming to the surface along the eastern leg of the band of Paleozoic 
strata may increase in nuijiber as well as in size and persistency as 
the ore-bearing strata are followed downward along their west and 
southwest dips. 

The practical question whether hard iron ores of the grade thus 
far found in the un weathered portions of the WheatiBeld deposits, if 
discovered in comparatively large amount, would be worth developing 
at the present time lies beyond the scope of the present investigation. 
The writer believes, however, that the fact that the owners have never 
attempted to determine the real possibilities of the property by sys- 
tematic prospecting can not be taken as evidence that such exploration 
is not fully warranted as an undertaking likely to give adequate 
returns on the required outlay. 

As already pointed out, the WheatiBeld mines, as well as the Rauden- 
busch and Island mines, which lie about 7 miles to the east, are next 
to the same mass of intrusive diabase at the onlv localities where it 
comes into contact with the Paleozoic formations on the surface (Pis. 
V and VI). Throughout the interval the diabase has the form of a 
northward-dipping sill outcropping parallel with and from one-half 
to 1 mile south of the northern edge of the Mesozoic belt. Somewhere 
beneath the surface the sill must reach the Paleozoic rocks beneath 
the cover of Mesozoic shales and sandstones, and it seems very likely 
that here its form changes to that of a dike. If this be the case, con- 
ditions favorable for the occurrence of ore may exist along the walls 
of the dike wherever limy Paleozoic strata come into contact with it. 
Probably the most favorable condition would be realized if strata 
which correspond in stratigraphic position with those at the Wheat- 
field mines could be found next to the dike. 

Though the broad suggestion that buried ore bodies may exist in 
the situation indicated seems entirely valid, the chances of locating 
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deposits of value are regarded as too remote to be seriously considered 
from a practical standpoint. Prospecting along this strip of country 
north of the diabase sill is therefore not recommended except where 
the intrusion approaches the northern edge of the Mesozoic belt, and 
even here the possibilities can hardly be regarded as very encouraging. 
For 2^ miles east of Fritztown station the diabase is in contact with 
Paleozoic rocks, but beyond the fact that the hills north of the diabase 
are composed of quartzite (in one place dipping 50° S.)? nothing 
concerning the local geology can be stated at the present time, because 
the country has not been examined in detail. If limestone beds are 
present above the quartzite, and if the general dip of the formations 
is toward the south, so as to carry them down beneath the diabase, 
the vicinity of the contact would seem to offer favorable conditions 
for the occurrence of ore masses like those which are present imme- 
diately opposite, on the south side of the dike. 

RAUDENBUSCH MINE. 

Describing the Raudenbusch property in 1858, H. D. Rogers says : " 

About half a mile west of the preceding [Island mine] is the Raudenbusch 
mine, which, we are informed, yields its proprietors at the Phoenixville furnaces 
5,000 tons of ore per annum. The vein ranges a little north of east. Its foot 
wall is white metamorphic limq^tone, or marble, and its hanging wall or roof 
a dull sea-green, serpentine-like rock which on exposure soon crumbles down 
like ordinary shale. The vein, dipping 36° S., is followed by a slope 280 feet 
beneath the surface. At the bottom gangways are driven 200 feet west and 
400 feet east to a fault cutting out the vein. A higher level, 160 feet from the 
surface, is driven 300 feet east. The ore is now taken from this level. Like 
all others, this vein is exceedingly variable; while wholly or almost entirely 
absent in some places, in others it has been found 30 feet thick. Its average 
bulk will not exceed 12 feet. The gangue stone of the ore is a light-blue rotten 
limestone, from which the ore is scarcely distinguishable except by its greater 
weight and deeper tint. Of the entire ground wrought, about one-half of the 
material is sufficiently rich in iron for the furnace; the remaining rubbish is 
used as stopping in the old workings. 

D'Invilliers states : ^ 

There are two small shafts on the property, one of them 50 feet deep. On 
the dump are seen gray, greenish, and black limestones very much decom- 
I)osed, some of which may represent the presence of the brecciated Mesozoic 
*' all sorts" [i. e., limestone conglomerate] so characteristic of this part of the 
range, but none such is seen in place on the surface. * * * Most of the 
limestones seem altered, which is accounted for by the proximity of the trap 
dike [diabase] to the south. This trap shows in the 50-foot shaft, as also 
some light-gray to while limestone, the latter showing a slight coating of 
hematite. 



« Geology of Pennsylvr.nia, vol. 2, 1859, pp. 716-717. 

" Geology of Berks County : Second Geol. Survey of Pennsylvania, Rept. D3, 1883, pp. 
342-343. 
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To the present writer it seems unlikely that any Mesozoic rocks, 
either limestone conglomerates, shales, or sandstones, are present 
north of the diabase in this vicinity. The only rock now to be seen 
at the surface is white limestone exposed in the farm road that gives 
access from the public road to the fields just north of the old mine. 
South of the wagon road, on the slope of the hill, a shaft not men- 
tioned above was sunk through a green shaly rock, probably the same 
as that referred to by Rogers as forming the hanging wall of the ore. 
This material seems to be of sedimentary origin, and it evidently lies 
between the ore and associated limestone beds and the mass of diabase 
that forms the adjacent hill. The surface distribution of the diabase 
is shown on the sketch map (PI. V), from which it may be seen that 
it is a northward offshoot from the intrusive sill described in the dis- 
cussion of the Wheatfield mines. In relation to the Mesozoic strata, 
this northward-reaching arm is evidently crosscutting, though in 
respect to the Paleozoic strata it may be locally following the bed- 
ding, as is suggested by the southerly inclination of the old mine 
slope. 

It seems a reasonable conclusion from what is known concerning 
the distribution of quartzite, slate, and limestone along the south 
edge of the Paleozoic area that the Raudenbusch deposit, like those 
of. the Wheatfield group, lies in the beds of passage between the 
quartzite and the limestone. Crumpled slate is exposed in a little 
knoll about IJ miles southwest of the mine and one-half mile west of 
the Center Hotel; just west of this knoll quartzite appears with dips 
toward the southeast beneath the slate. In the road-metal quarry 
along the wagon road on the east side of the slate knoll, Mesozoic 
conglomerate rests upon the slate, with its stratification dipping 
gently southward. Half a mile east of the mine southward-dipping 
quartzite forms the prominent hill south of the reservoirs above the 
wagon bridge over Angelic Creek. Immediately south of this 
quartzite knoll, slates and limestones may come in above the quartz- 
ite before the diabase is reached, but their presence or absence can 
not be determined because of the existing mantle of surface debris. 
It is suggested that other ore beds like the one formerly mined may 
exist along the northern wall of the diabase both east and west of the 
Raudenbusch mine. On the west the question could be readily set- 
tled by running crosscut tunnels toward the diabase and drifting 
either along the contact or, perhaps better, along the hanging wall of 
green slate, which will probably be encountered before the intrusive 
rock is reached. 

Suggestions for prospecting eastward from the Raudenbusch mine 
will be deferred until after the Island mine has been described. 
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FRITZ ISLAND AND VICINITY. 
ISLAND MINE. 

The Island mine is situated 2 miles south of Reading, at the north 
end of Fritz Island, in Schuylkill River. The old workings are very 
near the edge of the Mesozoic belt, and are thought to have pene- 
trated the Paleozoic limestone which lies beneath the Mesozoic strata. 
Large masses of diabase are present in the vicinity and dikes of the 
same rock were encountered in the mines (PL V). The geologic 
features of the mine may be summarized from the account by D'ln- 
villiers.** 

The ore was encountered through the washing away of some 
ground by high water during the winter of 1850-51. In opening the 
mines and extending the workings underground it was found that 
the ore occurs in a magnesian limestone, with associated shales of a 
sea-green color like those at the Raudenbusch mine, and that the 
ore-bearing strata are capped over by a limestone conglomerate. 

Diabase is here and there the foot wall, but beneath the ore there 
is, more commonly, a decomposed sandstone, regarded as of Cam- 
brian age, and therefore similar to the quartzite outcropping in the 
knoll about half a mile to the north. The ore pinches and swells, as 
in the Boyertown mines, the maximum recorded thickness being 22 
feet. Horses or wedges of limestone are found with ore occurring 
on either side. The strike of the deposits is nearly east and west, 
and though the general dip seems to be toward the north, in places 
at an angle as great as 40°, locally the ore stands vertical or even 
dips toward the south. Slope No. 1, beginning on the outcrop, is 
231 feet deep, being inclined at the top about 62° and averaging 
about 40°. Three levels were run eastward from the slope, passing 
under the bed of the river and under a small island in the eastern 
channel, known as Yost Island. West of the shaft the two lower 
levels were carried about 150 feet, which brought them beneath the 
east end of the open pit (PI. VII). The gangways are about 60 
feet apart, the upper one being about 50 feet below the surface. 

Considerable stoping was done above the lowest level. In the 
bottom of the mine, 125 feet east of the slope, the ore was found to 
branch and was followed by two drifts which came together 175 feet 
beyond. Irregularity of dip is shown by the vertical attitude of the 
vein in the middle level 300 feet east of the slope. Diabase was en- 
countered beneath the ore in all the drifts, and a crosscut from the 
bottom level revealed a leader of ore on the south side of this dike. 
The dike is somewhat more than 100 feet thick, and its south wall 
nearly vertical. The ore lying south of the dike dips to the south 
and is thought to be the same vein as that opened by slope No. 2 and 

"Second Geol. Survey Pennsylvania, Rept. D3, 1883, pp. 333-342, 
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worked to a depth of about 100 feet above the, crosscut from slope 
No. 1. The position of slope No. 2 is about 300 feet northwest by 
west from No. 1. 

In 1883 slope No. 2, which is sunk through rock, was down 122 
feet on a dip of 40° to 55°, averaging perhaps 45°, but the direction 
of slope is not stated. 

The open-cut workings seem to have had considerable importance, 
although no record has been found concerning the features which 
they exhibited. The old pit extends east and west and is nearly 300 
feet in length. 
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Fig 4. — Sketch section at north end of Fritz Island. 

The average daily production of the mine in 1883 was 25 to 30 
tons, amounting to about 10,000 tons per year. At that time only 
one slope. No. 1, was being operated. The total yield up to 1883 
was estimated at 250,000 tons. 

The general relations of the different rocks indicated by the fore- 
going description are shown in fig. 4. Apparently there is a wedge 
of Paleozoic limestone lying between diabase dikes on the south and 
northward dipping conglomerate on the north, but it is not known 
whether the ore bodies followed the bedding of the inclosing rocks 
or not. On Fritz Island the thin edge of the wedge has been removed 
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Fig. 5. — Sketch section along river bank east of Fritz Island mines. 

by erosion, and the same relation probably exists near the towpath 
on the east side of the Schuylkill, where, as reported, ore was discov- 
ered in a prospect shaft. Farther east, however, the Paleozoic rocks 
seem to be capped over by Mesozoic strata in some such manner as 
indicated in fig. 5. In the two figures just mentioned a fault is 
shown between the Mesozoic and Paleozoic areas, because the north- 
erly dip of the conglomerate makes it difficult to see how this bound- 
ary could be formed by simple overlap. At many places the nature 
of the northern boundary of the Mesozoic is a vexing question, for 
though overlap is locally observable, elsewhere there is strong evi- 
dence of fault displacements of considerable amount. 
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Future mining oii Fritz Island is not likely, as the property has 
been acquired by the city of Reading to be used as a sewer farm, but 
even if otherwise available the fact that the old workings run out be- 
neath the river introduces an element of danger from flooding which 
might preclude further development. From a purely geologic stand- 
point it seems that the deposit might be expected to show considerable 
continuity in depth, for if the ore beds already worked are not actu- 
ally continuous, others might be discovered by deep prospecting along 
the contacts of the intrusive masses of diabase. 

The statement is made in the report by D'Invilliers *» that mining 
toward the east was discontinued somewhere beneath Yost Island 
because of poor ventilation, so that it may be inferred that ore still 
remains at this place. The fact that ore was also found on the east 
side of the river near the towpath is a further indication favorable 
to prospecting in this direction. The rocks which have furnished the 
surface debris in the neighborhood are shales, sandstones, limestone 
conglomerate, and diabase, and the ore-bearing strata can hardly 
come to the surface except in a narrow wedge-shaped area near the 
river bank. As the northeast wall of diabase is followed in a south- 
easterly direction, the limestones are found to become covered by a 
rapidly thickening cap of the younger strata, so that it seems that any 
ore bodies existing will be found to lie deeper and deeper toward the 
southeast. In making the above suggestion it is assumed, as else- 
where in this report, that ore will not occur except near the intrusive 
I'ock, and that important bodies are not likely to be found where the 
diabase is in contact with other than calcareous strata. The only ex- 
ception to this rule which has been noted is at Boyertown, where the 
Black vein and the East vein are both some distance away from the 
diabase intrusion. 

EAST BANK OF SCHUYLKILL RTVER. 

On the east side of the Schuylkill, as on Fritz Island, the diabase 
is not a solid mass, two dikes being separated from the main body 
lying to the south by strips of Mesozoic shale. If these dikes continue 
downward and penetrate the ore-bearing limestones separately, cross- 
cut tunnels would seem to be justified in order to explore all their 
walls, and also that of the larger intrusive mass beyond. This sup- 
position is suggested by the occurrence of ore on both sides of the 100- 
foot dike in the Island mine. 

It would seem that if due care is taken to avoid breaking into the 
old Island mine workings, further prospecting from the east side 
of the river will be warranted by the probability of finding ore 
bodies similar to those formerly worked on Fritz Island. The known 

« Second Geol. Survey Pennsylvania, Rept. D3, 1883, pp. 337-338. 
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presence of ore near thfe river bank would apparently justify a shaft, 
from which tunnels could be run as suggested above. Prospecting 
in this manner would probably be more satisfactory than by a series 
of drill holes. 

WEST BANK OF SCHUYLKILL RIVER. 

West of the river the presence of deep surface wash makes it im- 
possible to determine whether the fields below the wagon road are 
underlain entirely by diabase or in part by sedimentary rocks Dia- 
base is exposed opposite the north end of Fritz Island, but from 
the existence of two outlying dikes east of the river and at least one 
on the island, all with apparently east-west courses, it may very 
well be that this outcrop belongs to a mass lying north of the main 
intrusion. The question whether this is so or not is important and 
could be settled at slight cost by running two or three short tunnels 
from the bank of the western channel above the Fritz Island bridge. 
It is believed that if any other rock than diabase is found there would 
be a good chance of discovering ore bodies like those of the Island 
mine by systematic prospecting. It is perhaps not likely that lime- 
stone conglomerate will be encountered, but if it should be present 
it would only be necessary to turn northward and penetrate this cap 
in order to reach the Paleozoic strata. If any ore should be found 
it would be desirable to determine how many outyling dikes of 
diabase exist and to explore carefully all contacts. 

ESTERLY MINE. 

About 4 miles due east of the Fritz Island mine and 2 miles south 
of Jacksonwald, on the W. Esterly farm, a small deposit of mag- 
netite was once worked. William G. Rowe, of Reading, is authority 
for the statement that this mine furnished between 3,000 and 4,000 
tons of ore. It was opened to a depth of 125 feet by a 58° slope in- 
clined toward the north, the drifts being run about 250 feet to the 
east. About 600 feet southeast of the Esterly slope an opening 
known as the Bishop shaft was sunk for 150 feet and a north cross- 
cut driven for 200 feet, ending in garnet rock. A bore hole from 
the bottom of this shaft reached limestone conglomerate at about 
300 feet. 

The Esterly vein lies between a hanging wall of diabase and a foot 
wall of metamorphosed shale. The diabase is an intrusive sill in- 
cluded in northward-dipping strata. In the neighborhood of the 
intruded rock there has been considerable baking, and here and there 
such metamorphic minerals as garnet, hornblende, and magnetite are 
found. These minerals, with some chlorite, are present in the ma- 
terial on the old mine dump, and the silicates evidently occur -in 
close association with the magnetite of the ore. Some limy material 



42 MAGNETITE DEPOSITS IN PENNSYLVANIA. 

is to be noted, but no pure limestone; it seems, therefore, that this 
ore was formed by the replacement of shales under the mineralizing 
influence of the diabase. 

The diabase is the outer of two concentric curving sills which fol- 
low the bedding of the Mesozoic shales and sandstones, here thrown 
into a rather sharp synclinal fold (PL V). The ore bed lies on the 
lower contact of the sill and, like it, strikes conformably with the in- 
closing rocks, nearly east and west, with a dip of about 50° N. The 
deposit may be imagined to have considerable downward extent, 
though of course its continuity in this direction can not be affirmed. 
Along the strike it is rather short, as not more than 100 feet west of 
the slope carbonaceous and limy shale is exposed along the road, and 
though the situation is very near the diabase contact no magnetite 
has been developed. 

No other magnetite is known to have been found along either side 
of this arm of the sill, but Mr. Rowe states that specimens have been 
plowed up in the fields near Spring Creek, between the northern 
arm and Stonersville. Though some prospecting was done in this 
vicinity, no magnetite was found in bed rock. It is possible that the 
mineral may have been float from a deposit situated near the diabase 
wall on the hill slopes above the creek, though it may have been de- 
rived from a pocket lying in the limestone conglomerate which covers 
considerable ground on the west side of Spring Creek south of the 
Reading turnpike. 

In this place the strata of limestone conglomerate dip rather 
steeply to the southwest. This dip would carry them beneath the 
diabase sill, but the outcrops are so far from those of the diabase 
that it seems hardly likely that any important body of ore will be 
found in this rock, at least near the surface. In depth the conglom- 
erates may be cut by the diabase, and if so there would be a chance 
for ore bodies in them and likewise for the occurrence of pockets at 
some distance from the intrusive rock. 

On the surface shales probably come between the conglomerate 
strata and the diabase, as they do in the vicinity of the Esterly mine, 
though the hill slope above Spring Creek on the south, and next to 
the conglomerate outcrops farther north, is hidden by an unbroken 
mantle of soil and diabase fragments. In the fields above the wagon 
road, however, the position of the diabase wall may. be closely esti- 
mated from the presence of a sharp rise in the profile of the hill, and 
the contact could be reached almost anywhere by short tunnels. 

In view of the fact that only limestone beds have thus far been 
found to yield really important ore deposits of the Cornwall type, 
it can not be urged that this contact is a particularly favorable place 
for prospecting, though it is undoubtedly the most likely place for ore 
occurrence in the neighborhood. No general recommendation that the 
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diabase contacts should be prospected through their entire length 
seems warranted, though the discovery of ore at any locality would 
naturally lead to a rather careful search at other points. 

Both arms of the two horseshoe dikes closely approach and prob- 
ably actually reach the northern edge of the Mesozoic anea, and inas- 
much as limestone occurs everywhere north of the boundary it would 
seem that ore bodies might be expected at the localities where the 
diabase and limestone come together. It is believed, however, that the 
diabase does not intrude the limestone at any of these places, but in- 
stead that the Paleozoic and Mesozoic rocks come together along a 
fault which has developed since the younger strata in the synclinal 
fold were invaded by the two sills of diabase. 

BOYERTOWN DEPOSITS. 
GENERAL DESCRIPTION. 

The mining operations which have been carried on at Boyertown 
have developed the existence of five apparently separate bodies of 
magnetic iron ore, all of which exhibit the form of somewhat irreg- 
ular layers of varying thickness. These ore layers seem to follow 
rather closely the stratification of a set of limestones and limy shales 
which constitute a transition between " No. I " sandstone and " No. 
II " limestone of the Paleozoic section, as given in the publications of 
the Second Geological Survey of Pennsylvania. In stratigraphic 
position these beds correspond with the ore-bearing strata at the 
Wheatfield and Fritz Island mines. 

The mine openings are situated near the northwest edge of the 
Mesozoic belt, and the workings have shown that the three best- 
developed ore bodies lie immediately beneath a Mesozoic basal con- 
glomerate composed of limestone fragments up to an inch in diameter 
set in a paste of red clay. This conglomerate bed, with a general 
southwest-northeast strike, dips toward the southeast, and beneath 
it the Paleozoic strata are so tilted that they lie in nearly parallel 
position. The two other ore bodies occur well within the limy beds 
of the Paleozoic at contact of a mass of intrusive diabase (PI. VIII). 
The ore bodies just beneath the conglomerate are here called the East 
vein, the Hagy (sometimes known as the Eckert) vein, and the War- 
wick or Black vein. The deposits in contact with the diabase are 
known as the Ehoades and Blue veins. The East vein was worked 
from two inclined shafts situated southeast of Walnut street and 
known as Phoenix upper and middle slopes. The Hagy vein, out- 
cropping south of the Reading road in the outskirts of town, was 
first worked by means of an open excavation known as the Hagy pit, 
afterwards by the so-called Eckert slope, and finally by the lower 
Phoenix or Caiifornia slope. The Warwick vein has been worked 
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both from the Warwick shaft and frmn the two shafts of the (xabel 
mine. In the latter mine it was called the Black vein. A bodr of 
ore ecountered in the lower workings of the California mine and 
known as ore Xo. 2 is believed by the writer to represent the noorth- 
wMxl extension of the Warwick vein. The Blue vein has been f(Hind 
only in the Gabel mine. The Rhoades vein has been opoied fromthe 
surface at several places and also by means of two tunnels from the 
California slope. 

It is suspected that connection may eventually be established be- 
tween the Blue and Rhoades veins, also that the Warwick and Hagy 
veins 'are parts of a once continuous ore body separated by a fault. 
These points and the possible relation between the East vein and 
the Hagy vein are discussed on pages 58-60. The relative positions of 
the several mines are indicated on the map (PL VIII). 

The strata which carry the deposits occur in a narrow strip lying 
between the region of gneisses and sandstones northwest of Boyer- 
town and the Mesozoic area on the southeast. The length of this 
strip is at least 2 miles and possibly somewhat more, but all the 
known ore bodies occur within a distance of less than half a mile. 

The situation of the deposits with respect to the Mesozoic rocks is 
similar to that of the Cornwall, Wheatfield, and Fritz Island de- 
posits. Like all of these, they are associated with intrusive diabase, 
and though this association is somewhat less obvious at Boyertown 
than elsewhere it is suflBciently evident to justify the conclusion that 
the ores h&ve been formed under the influence of the invading rock, 
as at Cornwall and other localities where ores of a similar type occur. 

GEOLOGY OF THE DISTRICT. 

Boyertown is situated near the northwest end of a roughly oval 
valley,. 9 miles long from southeast to northwest, and about 5 miles 
wide. Ridges formed either by diabase sills or by sandstones and 
shales baked and hardened by the intrusive rock define this valley 
on three sides, the remaining or northwest side being formed by the 
Reading Hills, which are coiriposed mainly of ancient gneisses, but 
contain also limestones and quartzites. From the ridges the strata 
dip toward the interior of the valley, which is thus structurally, as 
well as topographically, a broad basin. It is one link in a chain of 
four similar basins that extend nearly to Delaware River. Each of 
these basins is rimmed by diabase, the outcrops of which are nearly, if 
not actually, continuous. The great extent of the diabase, the con- 
tinuity of its outcrop, and the persistency with which the intrusive 
rock follows the structure of the inclosing strata lead to the belief 
that it forms a practically unbroken sheet beneath all the basins that 
are surrounded by its outcrop. The basin here discussed is not com- 
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pletely rimmed by the igneous rock, but it seems probable that the 
two existing gaps, one near Boyertown and the other 3 miles to the 
noi1Ji«8st (PI. IX and fig. 10), are to be explained on the supposition 
thafeim; these places the invading rock was not able to force its way 
far eiwugh upward to reach the present surface of the land. 

Just south of the mines the western slope of Gabel Hill is formed 
by Aldbase, which marks the northward termination of a curving mass 
of iltensive rock that follows the base of the ridge and the valley of 
Ironstone Creek to Colebrookdale station and farther south con- 
nects with the rim-rock sills on the southwest side of the synclinal 
basin described above. The sedimentary rocks adjacent to this diabase 
have been greatly metamorphosed, and Gabel Hill, together with the 
ridge running southward from it, has been preserved from erosion 
by the indurated nature of the shales and sandstones of which they 
are composed. The originally red sandstones have been bleached to 
a dull white or yellow. A few outcrops suflBce to show that the strata 
strike parallel with the course of the sill and with the crest of the 
ridge and dip to the east and southeast toward the interior of the 
basin. North and east of the blunt end of the diabase outcrop a few 
exposures of sandstone have the natural red color of the Mesozoic 
strata and show no induration. In the Warwick mine, however, and 
in both shafts of the Gabel mine limestone conglomerate lying above 
the black ore is somewhat metamorphosed, garnet and hematite being 
developed in it. These minerals occur also in bowlders both of lime- 
stone and siliceous conglomerate on Gabel Hill. The surface dis- 
tribution of the metamorphic effects conforms so closely with the 
extent of the diabase that the presence of common metamorphic 
minerals in the conglomerate that occurs in the mines points definitely 
to the presence of intrusive rock near by. To judge, however, from 
fte descriptions of D'Invilliers <» and Willis^ the instrusive rock is 
absent from most parts of the mines. Small dikes were noted in the 
Warwick mine and diabase is known to lie beneath the Rhoades vein 
and in the Gabel No. 1 workings beneath the Blue vein. Willis shows 
this rock as the foot wall of both the last-named veins, and indicates 
Its presence in the crosscut tunnel from the 496-foot level of the War- 
wick mine, which was opened in search of the Blue vein. It is 
thought probable that a rather direct underground connection may 
^xist between the Gabel Hill deposits near Boyertown and the masses 
^f the same rock occurring northeast of New Berlinville, and also be- 
tween the latter and the diabase that outcrops east of Sassamansville. 

From scattered exposures strata corresponding with those which 
carry t^e ore layers are known to extend about one-half mile south- 

• Second Geol. Survey Pennsylvania, Kept. D3, vol. 2, pt. 1, 1883. 
•Tenth Census, vol. 15, 1886. 
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THE WORKINGS. 

All the mines of the Boyertown group were flooded when the writer 
visited the locality, and for this reason no first-hand information con- 
cerning the underground geology of the ore deposits enters into the 
present descriptions. The facts available in regard to the geology of 
the mines are those recorded by Willis and D'Invilliers, whose descrip- 
tions are quoted below. For the map of the workings which forms 
PI. X acknowledgment is due the former engineer and superintendent 
of the Phoenix mines, Mr. J. H. Harden, of Phoenixville, by whom 
it was in part drawn from original surveys and in part compiled from 
data furnished by the several companies which formerly owned the 
mines. The workings of the 640-foot level of Gabel shaft No. 2 have 
been added to Mr. Harden's map from notes of a survey in posses- 
sion of W. H. Dechant, successor to the practice of Kendall Brothers, 
civil engineers, formerly located at Reading. The cross sections of 
the mines (Pis. XI-XV) have been constructed from the data afforded 
by the mine maps, with the aid of sketches made by Mr. Harden. 
Their purpose is to show the general attitude of the veins, and they 
do not take account of the many existing irregularities of thickness. 

DESCRIPTIONS BY WILLIS.** 

The Phoenix mines present the simplest structure. Two inclines, having an 
average slope of 46°, are sunk on the ore, between a hanging wall of Mesozoic 
red sandstone and a foot wall of dark-gray limestone. Drifts * * * have 
been driven off on either side of the incline and the ore removed by stoping. 
The bed varies from 7 to 12 feet in thickness, and near the hanging wall there 
is usually a selvage of chloritic slate, which comes down in mining. The strike 
is quite regular, about northeast and southwest, and the beds hiave the apparent 
prospect of continuing indefinitely in either direction; just southwest of the 
lower incline the bed is pinched out, however, and no exploration has been made 
to ascertain whether it continues or not. 

A shaft, known as Eckert's, * * ♦ was sunk a short distance northeast of 
the California incline, and " Eckert's vein " was opened by it. The Phoenix com- 
pany owns part of the mineral right on this " vein," and the California incline 
-was sunk through rock to develop it and " Rhoades's vein," which was known 
by surface workings. 

* * * The northeast drifts of the California mine reach the southwest end 
of Eckert's ore, while two long crosscuts have been driven through limestone to 
Rhoades's deposits. Eckert's is like the Phoenix in geological relations, but 
strikes nearly north and south, with a dip to the east. 

Rhoades's vein strikes at right angles to the Phoenix, southeast and north- 
west, and dips northeast ; it has a hanging wall of limestone and foot wall of 
trap, and in this resembles the deposit opened by the Gabel shaft [Blue vein] ; 
the ores obtained fronr the two openings are also very similar, and the differ- 
ences of strike and dip are hardly sufficient in so disturbed a comer to render it 
improbable that they belong to the same deposit. 



«. Tenth Census, vol. 15, 1886, pp. 229-231. 
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Tbe lowest working Id the California mine, on Bckert'fi vein, 1b 218 feet from 
the surface at the top of tLe incline ; the dip is about 45° toward the east. This 
drift la 240 feet from the Warwlclt shaft, measured on the map. Ore was first 
struck In that shaft at a depth of about 400 feet, probably 425 feet below tbe 
top of the California Incline. 

A dip of 38° to 40° would place a southern extension of Eckert's vein In the 
position of the ore cut In the Warwick shaft. It does not follow that the ore 
body is continuous from the Warwick workings up to the Callforniii drifts. 
In fact, the trap which lies west of the Warwick shaft and that ])cnetrated in 
the long crosscut toward the Gabel mine render It very Improbable tbat there 
Is an undisturbed body of ore here; but It does seem probable that tbe War- 
wick, tbe I^kert, and perhaps the Phoenix beds, which all have a red-sandstone 
hanging wall and a limestone foot wall, are disturbed portions of the same 
origbially connected bed. 




A special map Is herewith given of the Warwlclt mine [flg, 6]. It Is opened 
in the most disturbed iK>rtion of tlie belt, and the apparent development of two 
parallel ore beds, togetber with tbe exceptional facilities afforded by the kind- 
ness of Captain Polkiuhorn; led to careful study of IL In the long drift on 
the middle lei'el, toward the south, there fa a well-deflned limestone foot wall. 
The hanging wall of red sandstone Is also uninterrupted; but between the two, 
and especially In the northern end of the mine, tbe limits of the ore are very 
ill defined. Tbe wall is usually mixed limestone and ore, and mining is left 
off simply when the proportion of ore to limestone becomes too small to pay. 

Where the ore body turns southward the upper bed of ore approaches the 
lower bed, and it will probably be found tbat there is but one extending sonth- 
eastward beyoud the next turn iu the Gabel proi>erty. The variations In the 
thickness of the ore bed and the positions of the associated limestone, red sand- 
stone, and trap are given in the accompanying special map. 
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Accepting the inference that the Warwick, Eckert, and Phoenix deposits have 
originally formed parts of one bed, though now disturbed and separated by 
*' pinches," it is difficult to understand how the Blue (Gabel) vein and the 
Rhoades vein can ever have been part of that bed. 

The foot wall of the Phoenix and the Eckert mines is apparently tilted, but 
otherwise a little-disturbed and continuous stratum. Away from the trap, 
which has confused the deposit near the Warwick shaft, the limestone foot wall 
is in that mine also well defined. The long cut driven from the Gabel bed to 
the large deposit in the south end of the Warwick mine passes through 175 
feet of limestone. The same material lies uninterruptedly between the Eckert 
and the Rhoades beds. Hence it seems highly probable that there are here two 
distinct deposits of ore. With this in view, it would be interesting to know the 
results of exploration north of the Phoenix mines. 

DESCRIPTIONS BY D'INVILLIERS. 

The following descriptions of the several mines are abridged from 
D'Invilliers's account of the Boyertown mines : 

Phoenix upper and middle slopes,^ — These slopes are 350 feet apart 
and both work the same body of ore, averaging* from 12 fo 15 feet 
in thickness, though at many places swelling into bunches three times 
as large in different portions of the different gangways. The dip 
of the ore averages about 45° SE. The upper slope is 353 feet deep, 
vertical measurement, its top being located 6 feet higher than Gabel 
shaft No. 1. The lowest drift is driven on this slope from the bot- 
tom for about 150 feet each way northeast and southwest, but the 
courses have never been surveyed, and consequently could not be 
located. Forty-three feet vertically above this is the middle drift, 
likewise driven each side of the slope about 160 feet northeastward 
and 300 feet southwestward to the middle slope. The upper drift 
is 267 feet below the surface and 43 feet above the middle gangway, 
and has been driven each way about 300 feet, connecting on the south- 
west with the middle slope, as on the lower level.^ 

The top of the middle slope is at the same elevation as the upper 
one, and it is about 310 feet long, with two levels corresponding and 
connecting with the upper and middle levels on the upper slope. The 
middle slope was driven in rock, but the upper slope was driven on 
ore all the way, and as the ore body here is much softer than in the 
middle slope a great deal of trouble and expense has been necessary 
to keep the slope in repair. This has led to its proposed abandonment 
and to the erection of permanent buildings at the middle slope, from 
which all future mining will probably be carried on. These improve- 
ments were hardly consummated when the dull times of 1880 and 
, • • . 

<» D'lnvlUlers, E. V., Geology of Berks County : Second Geol. Survey Pennsylvania, Rept. 
D3, 1883, pp. 314-316. 

*This level was afterward extended to a distance of about 500 feet northeast of the 
slope and reached beyond Philadelphia avenue, according to the statemnet of Richard 
Richards, former foreman of the Phoenix company. 

54370 Bull. 359—08 4 
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1881 led to the closing of all the mines, and the two upper slopes are 
still filled with water [1883]. It is likewise proposed here to further 
test the property by driving northward from the slope to prove the 
presence or absence of the underlying blue ore bed." 

The true foot wall in both these slopes is an altered syenite carrying 
thin seams of earthy magnetite with dull luster, in many places 
massed or bunched, and showing but little crystallization.^ The 
syenite is filled with pink feldspar nodules, hornblende, and epidote, 
all distinctly stratified. In the upper slope, however, a dark green- 
ish-black unctuous limestone layer is found at many points between 
the main body of the ore and the true foot wall, much of it carrying 
chert in large masses. The top wall is a decomposed, light greenish- 
gray, serpentine limestone, slaty and carrying crystals of pyrite. The 
ore rock is generally an impure conglomerate limestone carrying 
masses of dull-colored crystalline limestone, serpentine, and magnetic 
ore, but the bulk of it is a green to black dolomite with coatings of 
calcite. The ordinary run of the mine shows a mixture of magnetic 
iron ore, with limestone and minute crystals of iron pyrites diffused 
through the mass. Locally the pyrite occurs in large and well-de- 
fined crystals. 

Phoenix lower slope^ or California mine.^ — ^The developments here 
consist [1883] of a slope about 300 feet long, from which three levels 
have been driven toward the northeast for the purpose of working 
the Hagy ore bed, and two toward the southwest to meet the Rhoades 
vein. The lowest level was driven first for about 50 feet through a 
dark quartzose sandy rock of a bluish color. The course of the gang- 
way being thought to be turned too much toward the east to strike 
the ore, the next 50 feet was driven more to the north, likewise through 
rock, until at a distance of 110 feet from the foot of the slope ore was 
struck. . The original northeast course was resumed and carried 
through ore for 50 feet more. The gangway at the time of visit 
showed a chamber fully 22 feet wide, without showing foot or hang- 
ing walls. The dip of this western body of black ore is probably 
toward the southeast at a steep inclination. 

The middle drift is about 40 feet vertically above the lowest, and in 
driving northward from the shaft the same characteristics were met 
as already noted in the lower level. The drift is not parallel to the 
lower level, but turns somewhat more toward the northeast. For the 
first 30 feet it passed through rock, beyond which the ore body was 
met in a rather pinched condition. 

The upper level is driven northward from the slope aboiit 176 feet 
A^ertically beloAV the surface of the ground. It extends for about 80 

« Mr. Richards states that this oxploratlon was made, but that no ore was found. 
* Compare with statement of Willis, p. 41). 
^D'JnFilJiers, E. V., op. cit., pp. 308-311. 



U. 8. QEOLOQICAL SURVEY 



JET 



100 





J L 



In Gabeljvorkingg, section rumr 
nearly parallel wfth strike of veins 






\ 

Vcv^ Drift SS'soui 



G. 552 




CROSS SECTION AT BOYER 



^ 



BERKS COUNTY DEPOSITS. 51 

feet along the south line of the old Eckert open cut, and the ore body 
pinches toward the northeast. 

Exploration has been carried on south of the slope, where the work- 
ings consist of a rock tunnel driven southwestward for about 200 
feet at a depth of about 176 feet through a mixed micaceous and 
quartzose rock to the Rhoades vein, which strikes about S. 25° E. 
and dips a little east of north at an angle of 50°. A similar rock 
tunnel was driven from the middle level in a nearly parallel direc- 
tion, and from its extremity a raise has been opened to strike the vein 
on the upper level. A fine face of ore 30 feet thick is exposed in this 
middle level, but, owing to its inferior quality as compared with the 
Hagy ore, work has been suspended [1883]. The thickness of this 
bed varies greatly, as is the case throughout all the mines. The 
gangue is similar to that of the Hagy mine, being mostly silica, lime, 
and magnesia, but the ore is leaner in iron and carries more sulphur 
and a little (jopper, being identical in composition and physical 
attributes with the blue ore of the Gabel mine. In the Gabel mine 
the Blue vein is separated from the overlying Black vein by 150 feet, 
more or less,** of impure limestone, but the Hagy and Rhoades veins 
are divided by a rock which is apparently a rotten quartzose gneiss, 
though the gangue of the ore itself in each place is largely limestone.^ 

Warwick mine.^ — ^The Warwick mine has three levels [1883], with 
numerous gangways and counter gangways, many of which have 
been long since abandoned and could not be explored. The first level 
is 420 feet vertically below the surface, the second 500 feet, and the 
third 567 feet [corresponding with 416-foot, 496-foot, and 555-foot 
levels as given on PL X]. Two gangw^ays were driven on the 500- 
foot level, one on the hanging wall, which is generally Mesozoic, the 
other extending toward the southeast and thence south into the Gabel 
property and showing generally a limestonce foot wall. The average 
horizontal distance between these gangways is about 50 feet, which 
would give a thickness of about 25 feet of ore, measured at right 
angles to the dip. The space between, however, is by no means en- 
tirely occupied by ore, but contains numerous horses of serpentine, 
limestone, and greenstone, as well as many occurrences of pinching 
where the foot and hanging walls come together. Pinching is par- 
ticularly noteworthy in the north gangway, where about 150 feet 
from the shaft the ore is only from 3 inches to 1 foot, and again at 
the end of the gangway, where the ore is entirely cut off. 

Thfe ore is found everywhere to lie in lenticular-shaped bodies, 
thinning out in the line of strike and swelling to immense bunches in 

«• One hundred and sixty feet, as measured on the map. 

*To Judge from the workhigs on the 176-foot level of the California mine, the hori- 
zontal distance between the Hagy vein and the Rhoades vein is about 175 feet, but the 
two veins strike in very different directions — in fact, at an angle to each other of about 
45°. — A. C. S. 

" D*Inviiner8, E. V., op. cit, pp. 320-324, 
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. the center, variously mixed with limestone, with which it seems to 
be here and there intimatelv interstratified. A fine illustration of 
this relation was furnished in the lower [454- foot] level of the Gabel 
mine, where in a piece of limestone 6 inches thick there were four 
bands of interstratified ore from ^ to 1 inch thick. 

From the 500-foot level to a point 90 feet out from the shaft a 
crosscut was driven S. 40° W. in search of the Blue vein found in 
the Gabel mine. It is probable that this bed exists in the extreme 
southwest corner of the Warwick tract, but, except at lower levels, it 
would not pay to stope it, as it must within a short distance pass into 
the adjacent properties. 

The crosscut was not driven far enough to reach the Blue bed, for 
the slight development of this vein in the Gabel mine shows that it 
has a decided tendency to bear toward the northwest, in the direction 
of the lower Phoenix slope. The crosscut was closed at the time the 
mine was examined, but it was said to have been carried first through 
10 feet of limestone, then 4 feet of ore, and for 143 feet through 
quartzose sandstone." 

From a point beneath the railroad to the boundary with the Gabel 
property the south gangway on the 500-foot level is driven through 
limestone and ore, the former being the general foot wall and dipping 
about 35° SE. A great deal of ore has been obtained from stopings 
carried up from this gangway along the foot wall. Masses of calcite, 
bearing clusters of pyrite, are seen in numerous places accompanying 
the ore. 

Close to the property line the north edge of an immense body of ore 
appeared, and in parting the drift to work it the ore was found to 
be fully 40 feet thick. The absence of connected surveys led to the 
continuation of both drifts into the Gabel property, from which fully 
8,000 tons of ore was eventually extracted. A magnificent pillar of 
excellent black ore still remains as the support to the roof of this im- 
mense chamber. A crosscut from the foot to the hanging wall was 
in ore for its entire length. 

Inspection of the lowest 567-foot level in this mine [555-foot level 
of PL X] will show that two gangways have been opened, connected 
in two places by crosscuts. 

In the two parallel gangways driven eastward from the shaft to 
meet the ore body a considerable mass of limestone was driven 
through, extending as far as 125 feet from the shaft, after which ore 
was encountered to the Mesozoic conglomerate hanging wall, dipping 
here 50° to 55° a little south of east. The last 60 feet of the southern 
of these two drifts was entirely in ore, which here spreads out to a 
pinch within about 30 feet to the northeast along the main gangway, 
branching off from the north crosscut. The quality of the ore here 

« The rocks through which this tunnel was run are shown hy Willis as diabase. 
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was excellent, but it was soon cut off by the meeting of the limestone 
and the Triassic measures [conglomerate]. To the south-southeast, 
along the hanging-wall gangway, the ore gradually thins away, and 
about 60 feet below the south crosscut it ranges from 3 inches to 1 
foot. This pinch corresponds closely in position and character to 
that already mentioned as occurring on the 500-foot level, and the 
gangways are essentially parallel. The pinch on the hanging-wall 
gangway extends for 50 feet, to a point where the gangway makes 
a decided turn toward the S. 40° E.; here another body of ore was 
encountered, 10 feet thick and swelling into the hanging wall, but 
pinching again in about 35 feet. This ore was stoped up for about 
40 feet, where it was found to extend back over the pinch, thus show- 
ing the presence of bulging and thinning on the line of dip. The 
S. 40° E. course extends for 120 feet to a point under the railroad, 
where the gangway turns southward and shows a limestone top. 
Sixty feet beyond, a greenstone dike was encountered similar to that 
occurring in several places in this and in the 500-foot level along 
a line from this point to the shaft. These dikes are nowhere of great 
thickness, and generally dip to the northeast. Where diabase is 
present it usually forms a true foot wall, no ore being found beyond 
it, but in the 567-foot level in the hanging-wall gangway it partakes 
more of the character of a horse, having ore on both sides. 

The foot-wall gangway on this level is almost entirely in ore, in 
many places with a very steep dip and in one place even overturned. 
Inspection of the mine map will show that the foot- wall gangway of 
the 567- foot level lies very nearly underneath the foot-wall gangway 
on the level above. On both levels the gangwa5^s have a general 
curve convex toward the east, and toward the south the dips become 
lower and lower until near the Gabel property line they do not aver- 
age over 35° and here and there fall to 20°. Because of the low dip 
in the southern part of the mine most of the stoping has been con- 
fined to the 500-foot level. 

A little development has been made on the 420-foot level, but here 
the dip of the vein carries the ore beyond the property limits within 
a short distance, so that no extensive work has been done. 

Gahel mine,^ — ^A vertical section through the Gabel No. 1 shaft 
shows — 

Feet. 
Banded shales, sandstones, and conglomerate, with a layer 

of altered mud rock about 5 feet thick at the bottom 180 

Black bedded ore, folded and broken, and consisting mostly 

of calcareous breccia 26 

Limestone 150 

Blue ore bed (measured across the bedding 20 feet) 55 

Chloritic rock or greenstone [probably diabase] 74 



■• 



« D'Invilliers, E. V., op. cit., pp. 328-330. 
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The mine has two levels, the upper 180 feet [160?] and the lower 
474 feet [454] . Some development was carried on in the upper level 
close to the shaft, but the ore was greatly mixed with a light-green 
limestone gangue and in addition was greatly broken and folded. 
The underlying limestone was similar to that found in the Warwick 
mine, being mostly a serpentine-green limestone of a light color, but 
the gangue-rock limestone is much darker and in places black from 
the contained ore. 

While mining in the upper level the Gabel Company became con- 
vinced of the trespass that had been made on its property through 
the 500-foot level of the Warwick mine. From the 474-foot level a 
main gangway was started toward the southeast, in which the blue 
bed was struck 30 feet from the shaft. This ore extended for 33 
feet, the vein dipping about 60°. At the Blue vein the course of- the 
gangway was turned somewhat to the left, and the remaining part 
of the gangway was entirely in limestone, at first dipping rather 
steeply but afterward flattening as the Black vein was approached. 
About 175 feet beyond the hanging wall of the Blue vein the foot 
wall of the Black vein was struck. The gangway came into the 
Warwick Company's stopes, which had been driven up from its 500- 
foot level on a dip of about 35°. In the Gabel shaft the two ore beds 
and the strata which lie between them all dip about 45° S. 55° E. 

The ore beds in the Gabel mine are like those in the other shafts. 
They occur in masses and bunches 40 feet thick, which pinch out to 
mere leaders and are therefore by no means continuous bodies of ore. 
The ores, however, show one difference, in that they are harder and 
more compact than in the other mines, probably on account of their 
proximity to the Gabel Hill dike, which may have exerted some in- 
fluence in altering their physical properties. 

From the 474-foot level two gangways have been driven in the 
foot wall of the Black ore bed. Owing to its great thickness here and 
large limestone partings, stoping has been candied up almost to the 
shaft, where the Black vein was cut 180 feet below the surface, thus 
proving the identity of the brecciated bed there found with the mag- 
nificent body of ore in the lower part of the mine. 

The Warwick gangways have likewise been extended along the 
hanging wall ["new red" — ^that is, limestone conglomerate], but 
not from the 500-foot level, being started from the stopings above. 
These drifts along the hanging wall, as well as those on the fobt wall, 
have been carried a considerable distance to the south, two of them 
being at least as far out as the barn. These gangways exhibit the 
tendency of the ore body to swing around Gabel Hill. 

Some stoping has been done on the Blue ore bed, but the inferior 
quality of this ore delays its extended development. The company 
intends [1883] to sink another lift in the near future, from which 
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it will drive to the southeast, thus opening a third level on this 
valuable ore tract. [See 552-foot level, PI. X.] 

A crosscut was driven from the 474-foot level toward the south- 
west into the hill, but the ore was found to be cut off in this direction 
by the diorite dike which outcrops on the north side of Gabel Hill. 

LATER DEVELOPMENTS. 

The descriptions which have been given include the tunnels and 
shafts opened before 1883. Between that year and 1893 the workings 
of the various mines were considerably extended. Gabel shaft No. 1 
was carried to a depth of about 570 feet, and on the 552-foot level a 
crosscut was run to the Blue and Black veins, giving stoping ground 
of 98 feet vertically below the next level above. Gabel shaft No. 2 
was sunk to a depth of 665 feet. The shaft encountered the Black 
vein at about 640 feet, but the thickness of the ore body can not be 
stated. The workings from the shaft comprise two short drifts in 
the ore body. The northerly drift, about 55 feet long, is connected 
by a raise with the 552-level of Gabel No. 1 mine. The southerly 
drift is 25 feet long and from its end a crosscut tunnel penetrates the 
foot wall. The length of this tunnel is about 360 feet. About 35 
feet from its end short drifts, which extend to the right and left, are 
supposed to follow the hanging wall of the Blue vein. Unfor- 
tunately no person was found who had worked in this tunnel, and its 
depth below the surface is not accurately known. Between shaft No. 
1 (where the ore was first cut at a depth of about 180 feet) and shaft 
No. 2 the. Black vein had been proved as a continuous layer for about 
800 feet in the direction of dip. On the trespass level the drifts in 
ore within the Gabel property were about 250 feet long, and from the 
Warwick shaft the vein had been followed for 400 feet before cross- 
ing the property line. 

The Blue vein lies below the Black vein somewhat more than 100 
feet, measured normal to the bedding, or from 160 feet to 325 feet 
measured along the various crosscuts. It has been mined on the 
dip to the height of about 375 feet and on the strike to a maximum 
length of about 250 feet. On the 640-foot level neither vein had 
been fully developed when mining was suspended. To judge from 
the course of the Blue vein in the higher workings, it is not likely to 
extend more than a short distance into the Warwick plot. All of 
shaft No. 1 below the Blue vein — ^that is, below a level about 400 
feet from the top — is supposed to be in diabase (greenstone of D'ln- 
villiers's description), though no positive statement to this effect was 
made either by Willis or by D'Invilliers. 

No information has been procured in regard to the behavior of 
the ore bodies in the southernmost workings of Gabel No. 1 mine, but 
the fact that none of the drifts were extended for more than 200 feet 
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from the crosscut may indicate that both veins come to an edge in 
this ground. In view of the uncertainty which exists on this point 
it would be safer to lay out any exploration for the veins at lower 
levels southeast of the shaft rather than south or southwest. 

In the Warwick mine two lifts were sunk after 1883. On the 610- 
foot level the vein was found to be double (as on the 555-foot level), 
and both the foot-wall and hanging-wall leads were developed by 
drifts extending southward nearly to the property line. 

An extension of about 120 feet would connect the foot-wall gang- 
way with the 640-foot level of the Gabel mine. On the 610- foot level 
a crosscut 200 feet long which was run into the foot wall nearly to 
the property line failed to locate the Blue vein, but nothing is known 
concerning the rocks penetrated. Unless diabase was encountered 
it would seem to be worth while, in view of the present control of 
both the Gabel and Warwick tracts by the same company, to con- 
tinue this tunnel to the diabase, for in the Gabel mine, at about the 
same elevation, the horizontal distance between the Black and Blue 
veins was about 325 feet. In the eastern drifts of Gabel No. 1 mine 
the manner in which the Blue vein curves toward the north and the 
fact that the drift on the 552-foot level if continued in its course 
would pass nearly under the end of the drift on the 454-foot level 
suggest that in this ground the Blue vein stands very steeply. 

In a search for the Hagy vein two tunnels were run into the hang- 
ing wall on the 610-foot level about 100 feet east of the shaft. 
Though the vein was not located, it is probable that it may yet be 
discovered by extending the exploration toward the north* or north- 
west. This point is referred to again on page 59. 

The workings on the Warwick 683-foot level, so far as is shown 
on the map (PI. X), comprise a gangway 200 feet long, apparently 
on the foot wall of the vein, and two crosscuts, one into the foot 
wall and the other started toward the hanging wall. No data have 
been procured concerning the ore body on this level, and the nature 
of the rock encountered in the lower part of the shaft is not known. 
It may be suggested that if the Warwick shaft penetrated any con- 
siderable mass of diabase there can be no further probability of 
encountering either the Blue vein or the Rhoades vein on the lowest 
level, as the foot wall of both is the Gabel Hill intrusive mass. On 
the other hand, if the main mass of diabase has not been encountered 
there is still a chance of finding ore by locating and exploring the 
diabase contact. 

In the California mine the workings now reach a vertical depth 
of 390 feet, two levels having been opened below the 200-foot level, 
Avhich was the lowest in 1883. Just beneath the old sump a body 
of ore was encountered which was known as ore No. 2. On the 305- 
foot level, where the same bed ^as stiuck about 20 feet from the 
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slope, it extends for about 30 feet along the drift and is reported to 
be 18 to 20 feet thick. On this level about 45 feet beyond ore No. 
2, or 95 feet distant from the slope, the Hagy vein was encountered. 
Along the hanging wall it was mined for 125 feet. On the 390-foot 
level ore No. 2 was cut about 75 feet from the slope and it con- 
tinued in the drift for about 30 feet, with a maximum thickness of 
about 20 feet. Fifty feet farther on the Hagy vein appears and, 
being cut diagonally, continues for about 90 feet in the drift. This 
vein has been stoped from the 390- foot level to the bottom of the 
Hagy pit, or about 500 feet along the dip. 

In the California mine the southernmost workings in the 390-foot 
level on ore No. 2 are about 60 feet distant from the Warwick 
shaft and about 30 feet higher than the 416- foot level of the latter 
mine on which the* Warwick vein was first opened. The proximity 
of these workings leaves little doubt that ore No. 2 and the War- 
wick vein are parts of the same ore body, as has been commonly 
supposed by persons most familiar with these mines. 

PRACTICAL CONCLUSIONS. 

Facts are not at hand to warrant an unreserved statement of the 
relation existing between ore No. 2 and the Hagy body ; at the same 
time, it is thought that they are probably parts of a single vein which 
has been separated by faulting. The existence of a fault is surmised 
from the knowledge that in the Warwick mine limestone conglom- 
erate forms the hanging wall of the vein at least as deep as the 555- 
foot level, whereas in the upper levels of the California mine the 
same rock lies above the Hagy vein. If, then, the Warwick vein 
holds its position just beneath the conglomerate as it extends upward 
into the California mine, and if the Hagy vein holds its position 
beneath the conglomerate as it extends downward from the 200- foot 
level to the 390-foot level there can be no doubt that both the ore 
layer and the overlying conglomerate have been offset along a fault 
break. The same conclusion would follow if it were found that con- 
glomerate forms the hanging wall both of ore No. 2 and of the Hagy 
vein on the 390-foot level of the California mine. The horizontal 
displacement along the fault appears to be about 125 feet (Pis. VIII 
and XVI). 

On the assumption that there is a fault and that the Hagy vein con- 
tinues to dip about 65°, as noted on the map (PL X) at the end of 
the 390- foot level, California mine, the positions of the foot wall on 
the 555-foot, 610-foot, and 683-foot levels will be approximately 
as shown by PL XVI. 

On the 390-foot level in the California mine, according to Mr. 
Richards, exploration was carried in lean ore for 50 or 60 feet toward 
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the north along the strike of the vein. This makes it appear that 
mineralization dies out in this direction. A similar decrease in 
values having been found in a 100-foot westerly drift from the 
middle slope, the intervening ground has been judged to be barren. 
Whether it is really so or not of course can not be decided without 
actual exploration, but the existence of a fault break or of several 
breaks between the workings of the California mine and those of the 
Phoenix mine on the East vein is strongly, suggested by the rela- 
tive positions and different strikes of the Hagy and East veins. 
A good idea of these features may be obtained from the plan giving 
the projected positions of the several veins on a level surface 400 feet 
below the top of Gabel No. 1 shaft (PL VIII). Mr. Eichards states 
that on the lowest level of the workings on the East vein good 
ore continued east of the upper slope about 100 -feet, beyond which 
lean ore was penetrated for perhaps 50 feet. On the middle level, 
43 feet vertically above, mining was continued toward the east for 
150 feet, and on the upper level, 43 feet higher, good ore was found 
for fully 500 feet. The total length of the ore body on the upper 
level was about 750 feet. Corresponding roughly with the bottom 
of the minable ore, which is found farther and farther west as depth 
is gained, the upper edge lies more than 100 feet east of the middle 
slope on the upper level, about 25 feet east on the middle level, and 
some distance west of the slope at the bottom of the mine. It is thus 
apparent that, in addition to its southeastern dip, the ore shoot 
pitches toward the south, and also that if this pitch continues the 
ore body must pass into the block of ground bounded by Third street, 
the mineral-reserve line, and the railroad. How far it may persist 
in this direction can not be suggested. It may or may not extend as 
far as the ore horizon remains unbroken. 

It is strongly suspected, as already stated, that at least one displace- 
ment of the ore horizon— that is to say, the surface between the limy 
strata and the Mhestone conglomerate — exists between the middle 
slope and the workings of the Hagy vein of the California mine. 
Three faults with horizontal displacements equal to that of the fault 
supposed to exist between the Warwick and Hagy ore bodies would 
suffice to throw the ore horizon from the place it occupies in the Cal- 
ifornia mine into the observed position of the East vein. (See fig. 7.) 
If the Hagy vein is ever found in the lower workings of the War- 
wick mine, further prospecting in the direction of the estimated 
downward extension of the East vein would seem warranted. The 
intervening block of ground may not contain workable ore near the 
surface, but is perhaps more likely to carry ore bodies as depth is 
gained, because the mineralizing waters which produced the ore are 
believed to have come from below. 
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The chances of finding the Hagy and East veins above the lowest 
level of the Warwick mine are thought to fully warrant explorations 
along the lines of the foregoing suggestions, but the ground that offers 
the strongest inducement for exploration is that which lies beyond 
the Warwick and Gabel workings in the direction of the dip of the 
Warwick ore body. No extended argument is needed to show the 
advisability of testing the further persistence of an ore body like the 
Warwick or Black vein, which has been followed along its course 
almost continuously (though swelling and pinching) for 1,000 feet 
and along its dip for 800 feet, with no signs of failure in the lowest 
levels that have been opened. The map and cross sections (Pis. 
X--XV) which accompany this report afford adequate data for laying 
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Fig. 7.— Ideal sketch showing possible type of structure in ground between Hagy vein 
and Bast vein. Datum of plan, 400 feet below top of Gabel No. 1 shaft. 

out an advantageous plan of prospecting the veins by means of the 
diamond drill. 

The theory which has been developed concerning the origin of the 
Boyertown ore bodies is based on the analogies between these deposits 
and those of similar character at other places in the State, each of 
which exhibits a close dependence on adjacent bodies of intrusive 
diabase. It is noteworthy that all the ore bodies except the East 
vein lie just beyond the termination of the diabase sill which occurs 
along the northwest side of Gabel Hill. Apparently underground 
the sill dips with the bedding of the invaded rock and the edge 
which it presents toward the north pitches steeply in such a direction 
that it passes beneath the Warwick and Gabel workings. The Blue 
vein in the Gabel mine appears to follow the upper surface of the 
sill, but the Ehoades vein seems to lie against its blunt edge. In the 
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Gabel mine more than 100 feet of limy strata lie between the diabase 
and the conglomerate which caps the Black vein, but all indications > 
on the surface favor the conclusion that the conglomerate extends 
northward almost if not actually to the walls of the diabase. As in 
the mine it appears that the diabase follows the stratification of the 
limy beds, the near approach or actual contact of the conglomerate 
and the diabase at the surface signifies one of two things — either that 
the intrusive mass cuts across the stratification above the poiijt where 
the contact is penetrated by Gabel No. 1 shaft, or that the parallelism 
between the stratification of the Paleozoic and Mesozoic rocks, which 
apparently exists elsewhere in the mine, does not hold in this place. 
A plausible suggestion of what the relations may be in depth is 
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Fig. 8. — Sketch section illustrating possible relation of Black vein to buried edge 

of a diabase sill at Gabel mines. 

illustrated in fig. 8. The presence of several sills south of Boyer- 
town, as shown on the sketch map, the manner in which these sills 
terminate, and the probable existence of an underlay of diabase 
beneath the structural basin which has been described all suggest 
the validity of the assumption that one or more buried sills exist 
in the region southeast and east of the Boyertown mines. 

The emergence of a minor intrusion of diabase near West Swamp 
Creek, 1 mile northeast of New Berlinville, and of a great mass east 
of Bechtelsville suggest that the edges of the sills representing the 
upward limit of intrusion on the northwest side of the synclinal basin 
probably lie at no great depth and not very far back (southeast) of 
the boundary between the Mesozoic area and that occupied by the 
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older formations. If the presence of the buried sills in this vicinity 
were known to be a fact, and if the place could be determined where 
any one of them penetrates strata corresponding to those in which 
the Boyertown deposits occur, the existence of a series of iron-ore 
deposits in the limy strata near the diabase might be suggested. 
The absence of knowledge on these two points leaves the whole 
question in the light of a speculation, with the hazards rather too 
great to justify recommending the expenditure which would be re- 
quired to make a practical test. The imaginary position of the 
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Upper edge of the supposed sill is shown in plan on the sketch map, 
fig. 9. 

DEPOSITS SOUTHWEST OF BOYERTOW^f. 

South of the Boyertown mines the northwest slope of Gabel Hill 
is formed by diabase, the hill itself and the connecting ridge for a 
mile or more toward the south being formed by baked and indurated 
shales and sandstones. At the surface this mass of diabase ends as 
an apparently blunt wedge south of the ground in which the ore 
deposits have been found, and as nearly as can be determined it comes 
to the surface just at the base of the Mesozoic beds where they over- 
lap on the ore-bearing strata. In this position the diabase, having the 
form of a sill, extends for three-fourths of a mile southwestward and 
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then, turning down the valley of Ironstone Creek, cuts back into the 
Mesozoic area. The western edge of this sill has not been seen at any 
place because it comes to the surface beneath a mantle of loose debris, 
but its eastern contact was encountered at the old Brower iron mine 
on the hill slope opposite the upper end of Wren's ice pond, about 
half a mile southwest of the Rhoades mine. The Brower ore at this 
place was discovered in a post hole. 

Richard Richards, of Boyertown, who had charge of this property 
in 1857 and 1858, states that he extracted more than 2,000 tons of mag- 
netite ore from an irregular layer having a northeast-southwest strike, 
a dip of 35° or 40° SE., and a maximum thickness of about 8 feet^ 
The mine was worked by means of a tunnel and two shafts, and or^ 
was stoped from tw^o levels to a depth of about 70 feet and to a lengt 
on the strike of about 50 feet. Examination of the locality shows that 
the ore layer occurred very near if not exactly in contact with th 
upper side of the diabase sill, under a hanging wall of flinty bake 
shale or sandstone. Taken by itself the occurrence of ore at this place 
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is an all but evident instance of ore segregation during igneous- or so 
called contact metamorphism, and considered in the light of the man; 

like deposits closely associated with intrusive diabase at other plac e =s 

it must be accepted as a deposit of this variety. 

About 300 yards southwest of the Brower mine, back of the J. Wre n 
house, a short tunnel with its mouth in diabase was started toward th»i e 
contact, but no information has been obtained concerning what ws^^s 
found at this place, nor concerning a shaft lying between the Wrfe n 
tunnel and the Brower mine, shown on the topographic map of thz^e 
Second Geological Survey of Pennsylvania. 

About one-fourth mile southwest of the Rhoades mine, on the hi 11 
cjlope about 50 feet above the level of the railroad track, a sha-. dft 
(known as the Rhoades and Grim shaft) has been sunk to a depth ^z)f 
40 or 50 feet, to judge from the material on the dump. Nothing l> '■it 
diabase seems to have been encountered at this place. East and soirrn^ «- 
what north of this shaft a tunnel of unknown length was run im_^o 
Gkbel Hill, but no person was found having any knowledge of tli^^-is 
work. The mouth of the tunnel is situated very near the eastern ^r 
upper edge of the diabase sill, and it seems that Mesozoic strata mu»st 
have been penetrated. 

It is not at all unlikely that other masses of ore like those of tl^e 
Brower mine exist along the east contact of the sill, but as no limy 
strata are known to occur on the upper side of the diabase, this grounc? 
is not regarded as offering much inducement for prospecting. West 
of the diabase, conditions are probably more favorable, on the sup- 
position that the strata which carry the Boyertown veins are here in 
contact with the under side of the sill, but the valley of Ironstone 
Creek is not a favorable place for making excavations, and it seems 
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that any exploration of the under side of the diabase should be under- 
taken by means of tlie diamond drill. 

DEPOSITS NORTH OF BOYEHTOWN. 

About 2 miles north by northeast of Boyertown there has been some 
exploration for iron ore on the south side of the group of diabase 
hills southeast of Bechtelsville. The position of two shafts is shown 
on the topographic map of Berks County, issued by the Second Geo- 
logical Survey of Pennsylvania, though no essential data are given 
in the Berks County report beyond the statement that some excellent 
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ore was taken from an opening known as the Gilbert shaft. The 
shafts mentioned were not found during the present investigation, 
but from their indicated position they are situated within Mesozoic 
strata, which come up onto the diabase rock from the south. 

The diabase covers a roughly triangular area of nearly 2 square 
miles, which lies between West Swamp Creek and a tributary known 
as Middle Creek. From the southeast corner of this area an arm ex- 
tends for about 1^ miles toward the southeast. The mass of diabase 
is nearly surrounded by Mesozoic strata, which appear to lap onto it 
from the east and from the south. (See fig. 10.) On the northwest 
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the structural relations are obscure, but from the rock fragments 
scattered over the fields the Mesozoic rocks are known to be present 
along the base of the hill above the wagon road to a point within 
one-fourth mile of the bridge across West Swamp Creek. Near the 
turn in the road, a short distance northeast of this bridge, blue Paleo- 
zoic limestones are exposed, and above them baked shales, which may 
belong to the Mesozoic. This shale seems to dip toward the hill at a 
low angle, as if it would pass beneath the mass of diabase which 
outcrops a short distance up the slope. The blue limestone is not 
metamorphosed to any marked degree. 

On every side of the diabase th*e Mesozoic rocks, including shale, 
sandstone, and limestone conglomerate, have been considerably baked, 
and this induration extends in places as far as one-half mile from the 
contact. Loose fragments of limestone conglomerate containing 
abundant spangles of hematite may be found at several places along 
the ridge east of Middle Creek, and siitiilar material is abundant on 
the hill slope about 1 mile southeast of Eshbach. On the south side 
of the diabase hills both specular hematite and magnetite were noted 
in material revealed in a cutting along the east-west road a few 
hundred yards west of the crossroads IJ miles northeast of New 
Berlinville. This locality is near one of the old prospecting shafts 
mentioned above. 

Although the presence of hematite in the baked rocks which sur- 
round the diabase shows that certain conditions favorable for the 
formation of ore existed, it does not seem that any large bodies of ore 
are likely to be encountered in the Mesozoic strata. The exposures 
are not sufficient to indicate how much limestone conglomerate exists 
in the neighborhood, but it is probably not present in any such 
amount as at Dillsburg, York County, where magnetite ore deposits 
are associated with beds of this rock in the vicinity of diabase 
intrusions. 

Near the diabase there is only one exposure of the Paleozoic lime- 
stone which is known to occupy the valley lying west of the diabase 
hills, so that almost nothing is known of the structural relations of 
this rock to the Mesozoic strata and to the diabase. It is probable, 
however, that the limestones are here overlapped by the Mesozoic 
strata in much the same way as in the vicinity of the Boyertown 
mines, and if this is so there is a possibility that the ore bodies may 
exist in depth beneath the Mesozoic rocks which occur west of the 
diabase mass. Though this point could be readily tested by a series 
of drill holes along the western portion of the diabase area, such ex- 
ploration would be regarded as a hazardous project from a practical 
standpoint. 

Iron ore is said to have been extracted from workings known as 
the Fegley mine, situated well within the diabase area on the north 
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side of the little brook about one-fourth mile north of the Gilbert 
shaft. A suggestion concerning the manner in which the ore occurs 
in this place was obtained from material on the dump at the tunnel 
mouth. A large fragment of diabase was found, on one side of which 
there was a coating of ore 1 inch thick composed of crystalline mag- 
netite intergrown with a minor amount of feldspar. Appearances 
indicate that the magnetite was segregated in a crevice traversing 
the diabase. There is no sharp division between the rock and the 
ore, a fact which suggests that the magnetite and accompanying 
feldspar may have been deposited by vaporous solutions derived from 
the deeper-seated part of the diabase mass shortly after the period of 
intrusion. 

In many places the diabase intrusions in the Mesozoic area contain 
very considerable amounts of magnetite as a mineral constituent, 
but this is the only place that has come to the writer's attention where 
magnetite has been found segregated in a definite vein inclosed by 
the igneous rock. This occurrence has a bearing on the general prob- 
lem of the genesis of deposits of the Cornwall type, affording good 
evidence that the diabase rock could have been the actual source of 
the ore-forming solutions as well as of the energy which caused the 
circulation of the mineralizing waters. Elsewhere, though the influ- 
ence of the diabase intrusions is everywhere noteworthy, it has not 
been possible to show definitely that the solutions have emanated 
from the intrusive rock. 

A shallow pit has been sunk in search of copper ore in a road-metal 
quarry beside the wagon road half a mile west of Congo post-office, 
near the end of the arm of diabase which extends toward the south- 
west from the main triangular area. In the walls of this pit may bo 
seen a veinlet about an inch wide, composed mainly of hornblende and 
feldspar containing scattered bunches of chalcopyrite. The horn- 
blende of the vein appears to have grown out from the walls of a 
crevice, and the material of the vein is thus closely knit to that of the 
inclosing rock, as in the magnetite vein described above. It is sug- 
gested that this veinlet was formed in a manner similar to that sug- 
gested for the magnetite vein. In a recent paper on the copper 
deposits of New Jersey by J. V. Lewis * the source of this metal is 
believed to have been the diabase intrusions which in each place are 
associated with the ore occurrence. 

JONES MINE. 

The Jones mine, also known as the Warwick mine because it was 
formerly worked by the Warwick Iron Company, is situated about 
three- fourths of a mile east of Joanna station and 1^ miles northwest 



« Copper deposits of the New Jersey Triassie : Econ. Geology, vol. 2, 1907, pp. 242-257. 
54370— Bull. 359—08 5 
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of Elverson, on the Wilmington division of the Philadelphia and 
Reading Railroad. (See PI. XVII.) This mine is in Berks County, 
about 4 miles west-northwest of the Warwick mines in Chester 
County. Part of the description of the Jones mine by H. D. Rogers — 
is here given : * 



The chief mine is an open excavation covering rather more than 5 acres, an( 
there is another to the south of it covering about 1 acre [Kinney mine]. Mag — 
nesiau limestone bounds the ore on the northern edge of the principal excava — 
tion. Here there is a mine shaft 180 feet deep * * *. The shaft enters th^= 
limestone at a depth of 50 feet, and a boring 20 feet from the bottom of th^s 
shaft is still in this rocls. 

A dilie of trap rock cuts the ore-bearing strata near the southern side of th«^ 
pit and produces phenomena precisely identical with those caused by the tra;^: 
dilies in the Cornwall-Lebanon mines, converting the ore to a more highl;>^ 
crystalline form and endowing it partially with magnetism. As in every suclj 
instance, the ore is richest and purest adjacent to the trap rock. This Ssr 
equally the case in the southern or smaller mine. The strata dip N. 30** W, 
at about 20** ; and in the northern bank of the large mine we may perceive the 
Auroral limestone regularly overlying the upper beds of the Primal slate, con- 
taining or consisting of the ore. * * * In this mine, as in that of CJomwall 
and that of Lebanon, some of the ore contains a small amount of copper. 
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Fig. 11. — East-west structure section, Jones mine (along line A-B, PI. XVIII). 

A large-scale topographic map of the vicinity of the mines by J. H. 
Harden (reproduced here as PL XVIII) accompanies the report by 
D'Invilliers on the geology of Berks County, but no description of 
the mine is given in the text. However, something of the geology and 
structure of the mines is indicated in cross sections which accotoipany 
the map. These data have been used in constructing the revised cross 
sections here given (figs. 11, 12, and 13). 

The Jones mine and the smaller Kinney mine adjacent lie in the 
isolated area of Paleozoic limy strata, which are supposed to belong 
near the base of limestone " No. II " of the Pennsylvania section. As 
at Boyertown and Cornwall, there is apparently interbedding of lime- 
stone and limy shale, the latter being largely changed to ore, while the 
former exhibits a very moderate degree of metamorphism. Though 
the pit is now flooded, it is known from dips recorded on the Harden 
map that in the Jones workings the ore strata are considerably con- 

« Geology of Pennsylvania, vol. 1, 1858, p. 182, 
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, the general direction of dip, however, being 
i the west-northwest. In the northern pit 
« dips 16" N, 55° W. "Above the ore is a 
one bed conformable to it, about 12 to 15 feet 
and above that still is a conformable light- 
earthy shale."" 

ore-bearing strata are overlapped on tlie 
by reddish Mesozoic conglomerate, contain- 
irge quartzite pebbles. East of the large 
the nature of the bed rock can not be deter- 
, but presumably the limy strata run out 
vera] miles in this direction. On the State 
y geologic map of Berks County the " No. 
mestone is represented as a narrow strip ex- 
Lg through the Jones mine toward the east- 
;ast as far as Hopewell furnace, and though 
tcrops are to be found it is very likely that 
strata underlie the accumulation of surface 

along the topographic depression which 
ites the red conglomerate and sandstone hills 
e north from the quartzite hills on the 

J bodies of diabase occur on the south side of 
mes pit and are exposed along the edge of 
icavation. Between them are limy strata in 
ithwest corner of the pit, and these beds prob- 
txtend through to the Kinney mine. South 
i Kinney pit quartzite fragments occur in 
lil, and near the railroad crossing this rock 
le seen in place. It is not known whether the 
lite belongs to the Mesozoic or to the Paleo- 

No. I " sandstone. The area which it occu- 
i limited on the west and east by the masses 
ibase. The western mass is exposed along 
lilroad for about one-half mile; the other 
be traced eastward to the falls of French 

and for several miles beyond. The mass of 
ie represented on the Berks County map just 

of Joanna station was not visited by the 
-. Several minor masses of diabase, divid- 
le ore, were encountered in the mine work- 

The sketch map (PI. XVII) shows the 
jution of the various rocks in the vicinity of 
mes and Warwick mines. 

' Wlllla, Bailer, Tenth Cenaua, vol, 15, 1886, p. 2: 
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The iron minerals of the Jones ore are magnetite and pyrite, and 
some of the ore contains chalcopyrite. In the richer material the 
magnetite and pyrite occur in more or less crystalline form, accom- 
panied by calcite or dolomite, the whole forming a rather granular 
aggregate. Such ore does not betray its origin ; but lean material, of 
which there is a great amount on the old dumps, shows clearly that 
the iron minerals have been formed by a chemical substitution or 
replacement of limy strata. Blocks may be seen showing all degrees 
of replacement and still retaining their stratification. Brecciation 
and cross veining, which are noteworthy features at Cornwall, are 
not observed in the material from the Jones mine. As at Cornwall, 
chlorite is an abundant mineral in the waste, but only minor amounts 
of this mineral occur in the usable ore. A few blocks of limestone 
containing small garnets were noted. 

The important role of the intrusive diabase as an element in the 
local geology is shown by the extent of the rocks indicated on the 
geologic sketch map (PL XVII). The writer believes that the seg- 
regation of the ore- resulted from the intrusion of this rock, though 
evidence sufficient to establish this theory has not been found. That 

ore minerals were being ae- 
uriwin^iab^ positcd after the diabase had 




been injected is indicated by 

the presence of magnetite, 

i w 150 ^feet pyrite, calcite, and chlorite in 

Fig. 13.— East-west structure section, Kinney Cracks in the igneOUS rock and 

mine (along line E-F, PI. XVIII). entirely surrouudiug fragments 

of it. Blocks showing these relations, which presumably came from 
one of the minor masses of diabase encountered in the workings, 
were found near the engine house, on the north side of the Jones mine. 

From existing descriptions it appears that the overlapping Meso- 
zoic strata are separated from the ore body by barren shale and lime- 
stone, a relation which makes it difficult to believe that the leaching 
of these ferruginous sediments could have furnished the iron for this 
large ore body and which leaves the way open for the suggestion that 
the diabase was the source of the mineralizing waters and of the iron 
that they contained. 

The discussion of the possible occurrence of other ore deposits in 
the vicinity will be deferred until the detailed geologic map of the 
district is available. Professor Bascom, of Bryn Mawr College, is 
now engaged in studying the geology of the Honeybrook quadrangle, 
in which the mines are situated. 

The following note is copied from Frazer : «* 

On the lands of the Warwick reserve, 2 miles southeast of the Joanna furnace 
and about 1^ miles east of Morgantown and i mile south of the narrow belt of 

''Frazer, Persifor, jr., Second Oeol. Sur\ey Pen.xvs's^'^a.tvla., Rept. CCC, 1877, p. 237. 
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limestone which leaves the large Lancaster limestone tract and passes through 
\ Morgantown, * * * in Berlss County, is an exploitation for ore. ♦ ♦ ♦ 
The material thrown out of the pit appears to be an altered mud rock, along- 
side of which oircurs ore very like that of Cornwall and some of that from 
Dillsburg. 

WARWICK MINE. 

The old workings of the Chester County Warwick mine are situ- 
ated just east of Warwick, formerly known as St. Marys. (See PI. 
X^VII.) The deposit appears to have been nearly exhausted prior* 
to 1875, although there was some mining as late as 1882. Little can 
be made out by an examination of the ground at the present time, but 
s^ch features as can be observed correspond with the following de- 
^^X'iption published by H. D. Rogers in 1858 : « 

This extensive and interesting body of iron ore, situated just southeast of 
^t:^ Mary's Episcopal Church, is in reality not a genuine lode or igneous intru- 
^^Ve vein, though the ore derives some of its characters from intrusive igneous 
^^tion, but it is a bed or deposit at the base or very near the base of the middle 
^^^condary red sandstone, which here laps upon the gneiss. The explored extent 
this bed, hitherto penetrated only near its outcrop, or where the overlying 




^lO. 14. — Structure section at Warwiclt mine, Chester County. After H. D. Rogers. 

1, Diabase ; 2, gneiss. 

Strata are shallow, is already very great, amounting to many acres. The ore 
deposit observes everywhere a very gentle dip, and seems to undulate in two 
or three waves across the tract which includes it. A somewhat conspicuous 
anticlinal change in the dip occurs to the south and southwest of the present 
main engine shaft by which the mines are dried, and there is every indication 
that the ore basins are both south and north of this saddle. Though the basin 
to the south of it is intersected, and the ore in one place cut off or thrown out 
to the surface by the intrusion of a wide dike of trap rock, there is strong 
reason to infer that the ore occupies a comparatively wide though perhaps 
shallow basin, north and northeast of the engine shaft [fig. 14]. 

Besides this intrusion of trap, there seems to exist here injections of serpen- 
tine and other mineral matters, and at one point, just by the southwest margin 
of the ore bed, there exists a very singular intrusion of mineral matter pene- 
trating the ore and altering, in a remarkable manner, the conglomeratic layers 
which here constitute the southeast border of the red sandstone formation. 
This rock is greatly baked and changed in aspect, includes numerous spheroidal 
bunches of segregated crystalline mineral matters (some of them in the form 
of hollow geodes), and is intersected besides with numerous strings, or little 
veins. In these spheroidal nests occur beautiful linings of crystallized epidote 
and other minerals, and bunches of large crystals of the fine variety of garnet 
called melenlte. The list of the minerals occurring here Is not extensive. The 
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conditions under which they present themselves are such as strongly to imprest 
the geological observer with the notion of their having been introduced chiefly 
in a vaporous state, or by sublimation, for in many of these hollow spheroids 
we can detect no connection whatever between the interior or even the exterior 
walls of the geodes and any external veins or filaments of injected matter, such 
as any other theory would demand for the introduction of the materials of the 
crystalline minerals here so curiously insulated. 

The bed of iron ore for which this locality is chiefly noted is of very variable 
thickness, fluctuating from 1 or 2 to 9 or even 17 feet. As illustrating the 
general levelness of this undulating deposit, it may be stated that in no place 
has it been required to sink dee|)er than about 60 feet to reach the ore, while 
generally the covering is so thin that the ore is conveniently procured by merely 
stripping off a thickness of a few feet or yards of loose disintegrated rock. The 
average richness of this ore may be stated at about 45 per cent of metallic 
iron, though much of it exceeds 50 per cent. It is somewhat sulphurous; and 
when care is not employed in selecting it for smelting, and in the after 
processes, it tends to produce a hot-short or red-short iron, but when carefully 
manufactured it yields an excellent metal. The annual product of the Warwick 
iron mines for fifteen years was not less than 4,000 tons, and the average yield 
for the past twenty years has been 6,000 tons. In the year 1853 the amount 
mined reached 12,000 tons. These ore pits have been wrought for the* last one 
hundred and twenty years, and there would seem to be at present really more 
ore within sight than there has ever been before at any one time. The present 
average cost of mining this ore is about $1.50 per ton. ♦ ♦ ♦ 

This ore is intermediate in its physical characters and aspect between the 
true brown hematite and the magnetic oxide of iron. As, on the view of its 
having been originally hematite but subsequently altered by igneous action, we 
might naturally anticipate, those portions of it which have undergone the high- 
est degree of metaniorphic infiuence are of a gray color, quite crystalline, and 
partially endowed with magnetic force, whereas the less altered parts are nearly 
in the condition of a compact, closely cemented hematite. Minutely interstrati- 
fied with this ore there occurs more or less earthy matter, apparently laminae 
of indurated slate or shale; and when the layers of this rock are thick, and they 
disperse the ore, they interfere materially with the economical prosecution of 
the mine. This slaty or earthy matter tends, furthermore, by intimately mixing 
itself in with the finer granular ore, seriously to reduce the richness of the 
mingled mass in iron. 

• 

Specimens of the metamorphosed conglomerate described by Rogers 
may be found in the old mine pits. Green hornblende and brown 
garnet, calcite, pyrite, specular hematite, and magnetite are among 
the secondary minerals observed. Epidote was not noted. No geol- 
ogist familiar with the common metaniorphic alterations of sedi- 
mentary rocks adjacent to intrusive igneous masses can se^ this 
material without regarding it as a product of contact metamorphism 
involving the action of heated water. In the writer's opinion the 
features of the ore specimens which have been examined do not sug- 
gest that the magnetite of the Warwick deposit has been produced 
from brown hematite by heat metamorphism, as proposed by Rogers, 
but it seems that hematite, magnetite, and pyrite must have been 
introduced into their present situation and must have been formed 
contemporaneously. 
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In conformity with the general theory concerning the origin of 
other deposits of the Cornwall type, it is suggested that the ore min- 
erals were introduced by solutions sent into circulation by the in- 
trusive diabase that occurs north of the mines. This view is justified 
by the baked condition of the Mesozoic strata throughout the strip 
which lies south of the diabase mass and by the observed alteration 
of the conglomerate rock, so well described by Rogers. There is no 
evidence to show whether the iron was leached out of the Mesozoic 
strata or was furnished by the igneous rock. 

The geologic relations observed at the Warwick mines continue for 
some distance both east and west. It is thought not improbable that 
similar ore deposits may exist at other points, between the east- west 
mass of diabase and the south edge of the Mesozoic strip which marks 
the overlap of the sandstone upon the ancient gneisses. Bodies of 
iron ore may lie in a position similar to that of the Warwick dej^osit 
and still not extend far enough south to have been brought to light 
along the edge of the Mesozoic strip. If erosion had been only 
slightly less than what is actually observed in the neighborhood of 
the old mines the edge of the ore deposit would not have been stripped 
of its cover and would not have been discovered except by some 
chance excavation of considerable depth. On the other hand, the 
removal of a little more cover elsewhere along the line of overlap 
might have revealed deposits similarly situated, of which, under ex- 
isting conditions, there are no surface indications. Although it is 
regarded as possible that systematic drilling might lead to the discov- 
ery of new ore deposits in the ground indicated, the undertaking of 
such extensive explorations as would be required can hardly be rec- 
ommended as a business venture at the present time. 

About 2J miles east of the Warwick mines and just north of 
Knauertown indications of iron ore were prospected many years ago. 
The geologic position is identical with that of the Warwick deposit. 
On the basis of the theory that the mass of diabase which lies north 
of this place has been the inciting cause of the deposition of iron min- 
erals, it is not unreasonable to expect that these indications may lead 
to a better deposit of ore at a greater depth beneath the hill. 

YORK cou]st:'y deposits. 

GENERAL STATEMENT. 

Iron ores like those of the Cornwall mines occur at several locali- 

'ties in northern York County. The principal group of mines is sit- 

Oiated about 1 mile east of Dillsburg, and a second smaller group is 

located just south of Yellow Breeches Creek near Grantham crossing, 

on the. Philadelphia and Eeading Railroad. Specular hematite with 

some associated magnetite has been worked at Minebank schoolhouse, 
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about 2 miles southwest of Wellsville, and minor pockets and indica- 
tions of ore have been found at various other localities. Most of 
these occurrences had been discovered prior to 1873 and are described 
or mentioned in Report CC of the Second Geological Survey of: 
Pennsylvania " and in the Annual Report for 1886.^ ":] 

In 1907, when the writer visited the field, no mining was being^ 
done, so that such data as could be collected concerning these interest- 1 
ing deposits have been procured from examinations of the surface;] 
and from conversation with persons familiar with the undergrounA. 
operations. Since the publication of the reports mentioned above ^ 
only two new mines have been opened, but considerable ore has be^ ^ 
taken from several of the old ones. 

Two opinions have been expressed in published descriptions re- 
garding the geologic position of the Dillsburg deposits. They hate 
been held on the one hand to lie in Mesozoic rocks and on the other tQ ^ 
occur in Paleozoic strata, as at Cornwall. Detailed study of the gen- 
eral region now shows that all the deposits are inclosed by the youngs 
set of rocks, as stated by D'Invilliers. 

The Grantham mines lie very near the edge of the Mesozoic area; 
those of the Dillsburg group are situated from 1| to 2^ miles within 
the northwest boundary, and the mine southwest of Wellsville lies 6J 
miles within the Mesozoic belt. (See PI. XIX.) No bodies of ore 
and no strong indications of ore occurrence have been found except 
where the strata have been greatly metamorphosed or baked in prox- 
imity to intrusive masses of diabase. This association points defi- 
nitely, as do all other occurrences of iron ore of the Cornwall type, to 
the belief that the ores are connected in origin with the intrusion of 
the diabase. However, the mere presence of diabase in a locality is 
by no means sufficient to insure the presence of ore near by ; otherwise, 
York County would be unsurpassed as an ore field because of the 
great extent of the diabase masses within her borders. The scattered 
or limited occurrence of ore deposits points to a second condition as 
essential to the formation of ore, and it is believed that this condition 
is the presence of calcareous (or lime-bearing) rocks in the vicinity 
of intrusive masses of diabase. In all the more important mines of 
the Dillsburg group and at Grantham beds of limestone conglomerate 
are found in the workings. At Minebank, also, crystallized limestone 
is to be found in the mine waste. At Dillsburg many pockets of ore 
which were mined out years ago and one bed continuous for nearly 
500 feet at the surface (McCormick long cut) appear to have been 
inclosed in baked sandstone. Though there is now no evidence that 
limestone occurs in these workings, it is possible that the masses of 

<» Frazer, Persifor, jr., Report of progress in the counties of York, Adams, Cumber- 
land, and Franklin, 1877. pp. 201 -28J). 

^Ann. Rept. Gcol Survey Pennsylvania for 1886, pt. 4, 1887, pp. 1501-1514. 
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ore represent original bodies of limestone conglomerate which have 
been converted into iron ore by chemical replacement. 

In the vicinity of the Dillsburg mines there are no natural ex- 
posures of limestone conglomerate and only along the Philadelphia 
and Reading tracks near Grantham can this rock be seen at the sur- 
face near known ore bodies. In drill holes near the old McCormick 
workings at Dillsburg the occurrence of limestone has been recorded. 

Exposures of rock in place in this region are very few in number, 
but the distribution of the diabase and of the Mesozoic rocks as a 
whole can be recognized from the presence of residual bowlders or 
broken fragments in the soil. It is not possible, however, to decipher 
any details concerning the make-up of the sedimentary formation. 
It is supposed that there may be several beds of limestone conglom- 
erate separated from each other by sandstone and shales, but only the 
presence of the latter can be ascertained from inspection of the soil. 
Everywhere the materials of the surface debris show evidence of the 
baking which the rocks have undergone. The absence in the vicinity 
of the mines of fragments from the limestone conglomerate is no 
doubt due to the great solubility of this rock compared with the over- 
wash of the more resistant baked sandstone fragments. 

Limestone conglomerate outcrops at several places west and south- 
west of Dillsburg, showing that here it is an important element in 
the constitution of the Mesozoic formation. In the foothills of South 
Mountain, northwest of Beavertown, fully 50 feet of the rock is ex- 
posed in a large quarry. This quarry has been opened around a 
sink hole, into which a small brook disappears. A series of sinks 
may be followed from this place for nearly a mile toward the north- 
east. Though the sink holes suggest that the conglomerate continues 
as the bed rock in this direction there are no exposures, because of the 
heavy overwash derived from the mountain slope, and it is possible 
that a strip of the Paleozoic limestone sets in between the quartzites 
of South Mountain and the Mesozoic beds, which lie to the east. In 
this situation either the limestone conglomerate or the older lime- 
stone would be liable to contain underground watercourses and to 
give rise to the observed sinks. At a quarry on the west side of the 
York Springs road, about 1 mile from Dillsburg, 12 or 15 feet of 
conglomerate are seen lying between a stratum of red sandy shale, 
and massive beds of metamorphosed conglomerate may be seen a 
mile southwest of this quarry, at the eastern base of the diabase hill, 
along an abandoned railroad grade. The same rock is said to have 
been found in several dug wells in the northern and western parts 
of Dillsburg. A drilled well at the creamery penetrated 80 feet of 
conglomerate, and at this depth encountered an open cavity. This 
well overflows during wet seasons. The only exposure noted within 
the borough limits is just south of the mine railroad at the eastern- 
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most street crossing. The occurrences which have been mentiooL^ 
strongly suggest that west of Dillsburg the broad valley occupied 1^ 
Dogwood Run and its southern tributaries is underlain by limestoftiai 
conglomerate. It seems probable also that beds of the same rock 8M| 
present beneath the meadows east of Dillsburg, between the town axil 
the mines. This is suspected because the conglomerate is known Iji 
occur both east and west of the flat, and because the presence of thiJ 
soluble rock would be a favorable condition for the development o|| 
just such a broad basin as exists. 

It may be mentioned incidentally that the presence in the soil 
debris derived from the South Mountain rocks shows that Dogw 
Run formerly flowed across this depression and joined Yellow^ 
Breeches Creek by way of Fishers Run. 

The geologic sketch map (PL XIX) shows the general position of j 
the boundary between the Mesozoic area and the older formations of : 
South Mountain, and also the approximate distribution of the dia- 
base intrusions in the Dillsburg region. The close association of the- 
ore with the masses of igneous rock is well brought out by the indi- 
cated positions of the mines and prospects of the district. 

DILLSBURG MINES. 
INTRODUCTION. 

The Dillsburg ore field has a greater extent than any of the other 
districts which furnish ore of the Cornwall type. Ore has been taken 
from more than 30 openings, including open pits and underground 
mines, and these workings are distributed over a zone nearly 1^ miles 
long and from one- fourth to one-half mile wide. 

"The annual output of the Dillsburg mines has never been large and 
the aggregate of the ore shipped is probably less than 1,500,000 tons, 
the period of production having been about sixty years. The ores 
have not been in general or constant demand, mainly because they 
are high in sulphur, but also because their iron content is low in com- 
parison with that of Lake ores. They compare favorably, however, 
with the Cornwall ore, the use of which has been on the increase for 
many years. Like the Cornwall ore they must be roasted before 
going to the blast furnace, except when they are mixed in rather small 
proportions with other ores. The fact that the Dillsburg ore has 
found even a limited market at various times during the last twenty 
years is sufficient ground for believing that if the mines can be shown 
to be capable of further output no serious difficulty need be expected 
in disposing of the product. The mines have been worked mainly 
by individual owners and lessees without sufficient capital to carry 
development far enough ahead of extraction to justify operation on 
a large scale. Could the ore fields be brought under the control of 
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interests strong enough to explore the deposits adequately and, if pre- 
liminary work should warrant, to develop them on a large scale, it 
seems likely that they might be brought again into successful opera- 
tion. Even a moderate tonnage, if assured for a period of years, 
might warrant the maintenance of roasting furnaces, or, what might 
prove more advantageous, the installation of some concentrating 
process to raise the grade of the ore as it comes from the mine. Geo- 
logic considerations favor the persistence of the deposits in depth and 
point to the probability that ore bodies in addition to those now 
known might be discovered by systematic prospecting. 

It is hoped that the present description and the geologic map of 
the district (PL XX) that has been prepared may aid in the future 
development of the deposits. 

DESCRIPTIONS OF MINES. 

Logan mine, — The shaft of the Logan mine, which is the most re- 
cent opening in the district, is located about 200 feet north of the 
wagon road leading from Dillsburg to Stevenstown. It is situated 
just within the outcrop of a diabase sill about 200 feet wide, which 
crosses the road east of the forks. Mr. Logan, the owner of the 
property, was encouraged to open at this place through having ob- 
served a strong magnetic attraction determined with a dipping 
needle. The bottom of the diabase is evidently inclined toward the 
north at a low angle, for it is said to have been penetrated at a depth 
of 32 feet. Mr. Logan reports that 7 feet of ore was encountered 
just under the diabase, and that the floor is limestone conglomerate. 
The ore bed and the inclosing rocks dip toward the north. The 
mine was operated for a short time only, so that the extent of the ore 
body is not known. 

North of the shaft the surface slopes gently toward a small stream 
fed by a spring between the two forks of the wagon road. Sand- 
stone fragments observed along the depression occupied by this stream 
indicate the presence of a strip of sedimentary rock, which, as it is 
traced toward the east, curves to the south and crosses the right-hand 
road just west of the church. It is thought that this band of sand- 
stone may run down the ravine and across Fishers Run to join a 
similar band which sets in from the west, but this connection can not 
be ^established from observation. North of the sedimentary strip 
diabase appears at the surface and continues without interruption to 
the vicinity of the Jauss and King mines. 

South of the diabase intrusion penetrated by the Logan shaft there 
is a considerable strip of sedimentary rock, beyond which appears 
another somewhat wider diabase band. These two masses of diabase 
come together southeast of the mine. Still farther south there is yet 
another band of sedimentary rock, and beyond this is the large m.ass 
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of diabase forming the group of hills south and east of Stevenstown. 
As already noted, this diabase extends westward to Dillsburg. 

Inasmuch as limestone conglomerate occurs at the old Price pit, 
and also in the Logan mine 1,300 feet to the east, there is reason 
to believe that the mass of diabase which lies immediately north of 
both mines is a sill conforming more or less closely with the stratifi- 
cation of the sedimentary rock, into which it has been injected. The 
limestone conglomerate dissolves under the action of the weather, so 
that its presence can not be determined by inspection of the surface 
debris. It is very likely that it extends along the contact with the 
diabase between the Logan and Cox openings, and west of the Price 
pit, perhaps as far as the next north-south wagon road. There is 
nothing to suggest how far it may extend toward the east and south- 
east beneath the diabase sill. 

The masses of diabase occurring south of the Logan mine are prob- 
ably sills, and other beds of conglomerate may be associated with 
them. If this is the case, it seems very likely that other ore deposits 
may be present in the country south of the Price, Cox, and Logan 
mines. Though it may be suggested that surface indications should 
betray the presence of any considerable deposit of ore in this part of 
the district, the surface debris is here apparently so thick and so 
liable to have moved for some distance that the weathered portions 
of ore beds might very well have been entirely covered. This is 
particularly true of the strip of sedimentary rocks which lies north of 
the Logan shaft. Both sides of this strip would seem to offer likely 
situations for the occurrence of iron-ore deposits. The Logan ore 
was discovered by means of the dipping needle. This instrument may 
prove of value in further exploration of this ground. 

Cox 7nine. — The Cox mine is situated about 9b0 feet west of the 
Logan shaft, just south of the same diabase sill. The mine was in op- 
eration when the Dillsburg field was visited by D'Invilliers, whose 
report « may be summarized as follows : 

At the Cox mine, on the Price farm, the engine house is situated 
just north of the public road. The ore bed is mined, by means of a 
slope about 300 feet long on a bed of magnetic ore dipping about 25° 
a little west of north. Near by is an abandoned slope descending 
nearly due north for 280 feet, and in a shaft 125 feet north of the 
engine house the ore bed was struck near this slope at a depth of 
about 40 feet. The ore so far as developed seems to lie in a deposit 
shaped like a shell, the top and bottom of the shell coming together 
and pinching out the ore on all sides along the strike, as well as along 
the dip. The average thickness of the bed is 5i to 6 feet, though in 
places it swells to 9 feet. Generally it has a gray dolerite trap for a 
hanging wall and a sandy bastard limestone for a foot wall; but 

« Ann. Kept. Geol. Survey rennsylvBiiiVa. tox \%%^, ^\.. \> ^. YSsSi^. 
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there seems to be no very persistent character for either. The west- 
ern side of the deposit is more mixed in character than the eastern, 
and in places the trap wall seems to stand almost vertical, squeezing 
the ore into a narrow compass. The foot wall in many places ap- 
pears more like white baked slate rock than like limestone, but con- 
tains some lime. In April, 1887, ore was being mined at the rate of 
25 tons per day. 

West of the slope a small open cut exhibits a bed of rather sandy 
ore, from which perhaps 200 tons have been taken. 

Price mine, — ^A large pit situated about 250 feet west of the Cox 
slope is known as the Price mine. The mine is said to have been 
opened about 1855 and the ore is reported to have been 6 feet thick. 
Fragments of limestone conglomerate may be seen in a small pile of 
waste in the pit. The edge of the diabase sill passes just north of 
the pit and the dip of the rocks is evidently toward the north, as at 
the Logan shaft and Cox slope. Instead of being in actual contact 
with the diabase the ore body appears to have been separated from 
the mass of igneous rock by intervening beds of sedimentary rock. 
The sedimentary area between the two sills of diabase is much nar- 
rower in the vicinity of the Price mine than farther east. The 
southern sill comes to a blunt termination in the field northwest of 
and across the road from the schoolhouse. 

Grove mine, — About 1,400 feet due west of the Price pit is the mouth 
of the Grove slope, which was opened in 1873. The dip of the rocks 
is given in Report CC as 24° N. 10° E. Though rock resembling 
weathered trap is said to occur at the mouth of the slope, the present 
writer was not able to find any evidence of other material than sand- 
stone and shale in the vicinity. In the wagon road north of the 
opening exposures gf baked shale are to be seen dipping about 20° N. 

About 400 feet south of the slope is an old excavation, doubtless an 
ore pit, but no information has been procured concerning what was 
found at this place or when the opening was made. The edge of the 
east-west diabase mass passes about 300 feet south of the pit. 

Prospects near the Price farmhouse, — Mr. Logan, the present owner 
of the Price farm, states that a bore hole put down in the swamp east 
of the farmhouse encountered ore at a depth of 75 feet. This hole ap- 
pears to have been located north of the boundary of the main mass 
of diabase, and the ore probably lies on the under contact of the in- 
trusive rock. Inspection of the geologic map will show the position 
of this occurrence with reference to the strip of sedimentary rock 
occurring north of the Logan mine. It seems that if the diabase con- 
tact follows the stratification in this vicinity ore may occur to the east 
as well as near the Price house, although, as stated previously, the 
continuity of the sedimentary strip across the creek is not proved. 
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Indications of ore have been {ound 700 feet northwest of the i&rta- 
hoii.^. ju.'^ at the erlge of the diabai«. where the boundarr curves 
toward the north, Xo other sign-- of ore are known to have been 
found l^ietween this point and the Bell mine. 

Sail mhu: — The Bell mine, which was opened id 1875, is situated 
atxjiit midway between the Price pit and the Underwood group of 
workings. It was lasrt worked about 19(^2, at which time the pillars 
of ore were robl^ed and the mine finally abandoned. Prom a statement 
by Frazer " that bowlders of hard limestone were encountered in the 
tipper 2-t feet of the discovery shaft just north of the entrance to the 
working slope, it is judged that the ore lies beneath limestone con- 
glomerate. This suggestion is corroborated by the presence of con- 
glomerate in the mine waste, but there can be little doubt that the 
mass of diabase lies at no great distance above the ore body. 




Kept. Pi^nnsyl- 



The mine was worked by a slope a short distance south of the main 
diabase area. The course of the slope is N. 10° E. and its inclination 
is said to be about 20°, though the cross section given in fig, 15 indi- 
cates u lower angle of inclination. In 1883 the slope was about 875 
feet long, but it was afterward extended 200 feet or more. The ore 
l)ody is said to have had the form of a rather well-defined shoot fol- 
lowing the dip of the inclosing strata, but limited on both sides along 
the strike. The maximum width is stated by DTnvilliers" to have 
been 00 feet, and at 875 feet from the mouth of the slope the bed was 
10 to 12 feet thick. In fig. 15 the ore is shown to be cut out on the 
cast by diabase (see PI. XX), and from the relations shown it may 
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be that the ore body occurs adjacent to a roll in the bottom of the 
diabase mass where this rock locally cuts across the strata (fig. 16). 
The course of the diabase boundary at the surface is favorable to 
this suggestion. 

If the suggested structure is borne out by the facts, it is not likely 
that other ore bodies exist ^ 

toward the east, where dia- +*+"^+ + 
base would be encountered, 
nor towardthe west, where, 
though present, the ore- 
bearing stratum is prob- 
ably not mineralized. 

Although it is reported 
that the bottom of the 
slope is not in ore, it may 
be that one of the sides of 
the shoot has been encoun- 
tered rather than its bottom. This point may be worthy of investi- 
gation at some future time. 

When the mine was abandoned the slope was 1,100 feet in length. 
About 200 feet south of the Bell slope is an old slope stated by 
Frazer ' to have been 180 feet long. From a point 125 feet down the 
slope there is a 50-foot drift to the east, 
and from the bottom another 75 feet 
long to . the west. Exposures at the 
mouth of the slope show fine-grained 
sandstone as the hanging wall. The 
nearest diabase is that of the main mass, 
the edge of which lies about 100 feet to 
the northeast. 

King and Jauss mines. — The King 
mine is situated on the east side of 
Fishers Run, about 3,300 feet north of 
the Price mine and 2,100 feet northeast 
of the Bell slope. The Jauss shaft 
(fig. 17} is situated near the east bank 
of the creek, 750 feet northwest of the 
King workings. The shafts of these 
two eastern mines were located by- dip- 
needle indications. They were started in diabase, but at moderate 
depth both encountered ore associated with sedimentary rocks. The 
strata dip toward the north, so that it would appear that they must 
come to the surface south of the shafts. Nevertheless, the presence of 
these sediments would not be suspected from examination of the sur- 

• FFazer, PerBlfor, jr., SeeOQd Geol. Survey Pen naj Ivan la, Kept. CC, 1877, p. 218, 




Fio. 17. — Survey o( wotkinga i 
Jauas mine, near Dilleburg, mat 
In 1888. 
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face, because their outcrop is obscured by an overwash of diabase soil. 
Just north of the railroad track, however, on the west side of the ereeli 
and about 800 feet from the Jauss shaft, a patch of sediments may be 
inferred from the occurrence of sandstone fragments in the soil. It 
seems probable tliat these two masses of sedimentary rock may be con- 
nected, but tlie surface is covered to such on extent that nothing posi- 
tive can be made out. It is entirely jwssible also that the sediments 
of the western patch may extend farther west than is indicated on. 
the map (PI. XX), for in this direction there is a broad swale in. 
which-the presence of diabase soil may be misleading as to the actuak^ 
extent of the intiusive rock. The trend of the two sedimentary stript^s 
is in the direction of the Tjongnecker shaft on the west and towards 
an embayment in the outer boundary of the diabase area on the east 
Along this general line the main mass of diabase is seen to be partly 
divided by intercalated sandstones and shales. Whether this separa. 
tion becomes more or less extensive in depth can not be judged, bi« 
from the fact that in the Longnecker workings the bedded rocks a^ 




pear to rise to a crest beneath the diabase, it seems possible that t le 
dividing masses may extend farther along the strike undergrou. :Xid 
than is apparent from surface indications, and that they may et^*D 
connect with one another. 

It might be worth while to explore the western patch of sedimen- 
tary rocks mentioned above. If this is ever done it may be assumed 
that the northern contact with the diabase dips toward the north, ss 
at the Jauss mine. On this basis the best scheme for proving the 
ground would be to sink shafts or bore holes Just within the diabase 
area in order to catch the contact on the dip. . The lower contact of 
the bedded rocks might also be explored both in this vicinity and 
south of the Jauss mine. A cross section showing the supposed struc- 
tural relations in the vicinity of the Jauss mine is given in fig. 18. It 
is supposed that a section through the western sedimentary patch 
would be very similar. 
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The following notes concerning the King mine are abstracted from 
Frazer : *» 

The shaft, which was sunk in 1876, passes through 23 feet of soil 
and diabase, beneath which there was 9 feet of ore. Toward the east 
a drift 20 feet long encountered an oblique wall of diabase on the 
south side. Between this wall and indurated sandstones on the north 
the ore formed a wedge-shaped mass. From the end of this 20-foot 
drift a slope was opened upward until clay was encountered. The 
course of this slope (N. 3° E.) and its angle of inclination (22°) give 
the apparent direction and amount of the dip of the ore bed. From 
the bottom of the slope a drift was run N. 5° E. for a distance of 50 
feet, following a fault showing slickensides. Along this gangway the 
fault rock is a broken-up mixture of sandstone and trap rock. About 
20 feet east of the slope indurated sandstone exhibits a dip of 23° 
in a direction N. 40° W., but the dip of the vein is reported to be 
N. 10° W. 

The Jauss shaft is situated just west of Fishers Run, at the eastern 
terminus of the branch railroad. The shaft was sunk at a point 
where the dip needle showed a marked magnetic attraction. About 
72 feet of diabase was penetrated before the 7-foot ore bed was en- 
countered. The floor of the mine is limestone conglomerate. As 
depth was gained the ore bed was found to thicken along the dip, and 
in the lowest workings, 205 feet below the surface, a large body of ore 
is reported. Stoping was carried about 30 feet above the point where 
the ore was cut through by the shaft. A survey made in 1888 shows 
the mine workings as extending 270 feet northwest of the shaft. In 
this distance the ore bed falls 133 feet, giving an average inclination 
of nearly 50 feet per 100, or about 30°. The dip appears to be some- 
what steeper in the lower than in the upper workings. 

Material on the waste pile shows that some of the ore at least has 
been formed by replacement of limestone conglomerate, though most 
of the material intimately associated with the ore is a light-green rock 
which appears to be an altered shale. Although no fragments of any 
rock except diabase are to be seen in the field south of the shaft, there 
can be little doubt that the sedimentary rocks which accompany the 
bre would be found beneath a relatively shallow cover of soil. On the 
geologic map (PI. XX) a strip of sediments is indicated as extending 
southeast to the King mine. 

Altland mine. — Just where the switch of the Bell mine joins the 
main track there are three shafts, two north and one south of the rail- 
road. These constitute the Altland mine, concerning which the notes 
in the following paragraph are condensed from the description by 
D'Invilliers : ^ 

•Frazer, Persifor, jr., op. clt., p. 212. 

*Ann. Rept. Geol. Survey Pennsylvania for 1886, pt. 4, 1887, pp. 1506-1507. 

54370— Bun. 359—08 6 



82 MAGXETITE DEPOSITS IX PEXXSYLVAXIA. 

Tliis mine lies northwesi of the Bell mine and is opened by a sbaft 
02 feet deep, from the bottCMn of which a slope extends northward 
on the ore bed. This bed evidently lies geologically higher than the 
one worked at Bell's. Its outcrop was formerly worked a shcHl dis- 
tance south of the shaft. The diaft encountered ore at 57 feet and 
the slope is driven northward on a 23" dip for about 12-5 feet, the 
ore Ijed ranging from 4 to 7 feet in thickness. All along the slope 
the hanging wall seems to be a fine-grained trap, in places carrying 
small crystals of iron pyrites and here and there nodules of lime. 
But in the drifts at the bottom of the slope for 2-i feet on each side 
an indurated slate rock wedges in between the trap and the ore, 
forming the hanging walL The ore body seems to have a lenticular 
shape, as at the Cox mine, being thickest at the slope and thinning 
rapidly both east and west. The upper workings are confined to the 
vicinity of the slope, but at the bottom the ore bed has a workable 
thickness for a greater distance along the strike. The ore is rather 
micaceous- 

From the surface distribution of the diabase, so far as it can be 
made out, the Altland ore seems to lie some distance below the bottom 
of the main diabase mass. It is possible that the trap mentioned by 
D'lnvilliers is a thin eastward extension of the sill shown on the 
geologic map (PI. XX) as ending west of the Longnecker tract 
If this is the case, the Altland bed and the ore formerlv worked at 
the Smyser pit probably correspond in stratigraphic position, and 
other ore shoots mav exist beneath. Also, if the Smvser and Altland 
l>eds occupy the same stratigraphic horizon, the strike of the strata 
is diagonal to the contact of the main diabase, which is therefore 
slightly crosscutting in this vicinity, just as it is farther northwest, 
near the X7nderwood workings. From this conclusion it would seem 
worth while to seek for ore along the strike of the ore bed east of 
the Altland mine. At the contact with the diabase the structural 
conditions would be like those which have been deduced for the Bell 
deposit. 

fimyner mine. — The Smyser open pit is situated about 450 feet 
west of the Altland workings, and, as already stated, the ore bed 
probabh' corresponds in position with that in the Altland mine. 
The Smyser deposit was opened in 1852, and 3,000 tons of ore are 
reported to have been won from it. Although the ore is said to have 
rested upon a saddle of diabase, the nearest diabase which can be 
determined from surface observations is the sill which passes north 
of i\w. pit. This sill appears to end a short distance west of the 
Longnec^ker swjtch^ though it is possible that it may extend some- 
what farther east. 

A small body of ore said to have been uncovered in the railroad 
cut just west of the road crossing, about 500 feet distant from the 
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Smyser pit, was never opened. It apparently lies in lower strata 
than those at the Smyser pit. 

Bowlders of ore may be found in the cultivated field about 400 
feet north-northeast of the Smyser pit and 200 feet north of the 
dwelling house. This locality is apparently inside the diabase area, 
but it seems possible that an irregularity in the bottom of the diabase 
mass has brought a small patch of sediments to the surface. If this 
supposition is correct, the occurrence of ore at this place is favorable 
to the view that ore deposits will be found in many places beneath 
the diabase when extensive explorations are undertaken. 

Underwood workings. — The most productive ground of the Dills- 
burg field has been the northeasterly 35 acres of the Underwood 
property and the near-by portions of the McCormick tract on the 
north and the Logan tract on the east. On the XTnderwood tract 
there are five large open pits and several smaller excavations, all of 
which were exhausted previous to 1874, and four deep mines, which 
have been abandoned since 1887. 

The southernmost of the Under\yood workings are two pits situ- 
ated about 500 feet northwest of the Smyser pit, on opposite sides 
of the north-south wagon road. These two openings are doubtless 
on the same ore body, which they have developed for about 400 feet 
along its course. Though the depth of the workings is not known, 
the ore must have been followed for some distance on a northerlv 
dip, because there are depressions about 175 feet north of the western 
opening which appear to be the result of the caving in of underground 
workings. The narrow diabase sill which passes north of the Smyser 
pit touches the south side of the western opening, and just north of 
the pits is another sill which strikes northeast and west. The second 
sill can not be traced east of the wagon road, though it may extend 
for some distance in this direction. The two sills approach each 
other toward the west and finally unite. The main diabase contact, 
running from southeast to northwest, passes near the northeast cor- 
ner of the eastern pit and the strike of the ore bed is evidently diag- 
onal to this contact and also to the course of the southern sill, but it 
is nearly parallel with the trend of the northern sill. 

The next openings, to the northwest, are two large pits in which 
the general line of excavation runs from the outlying sill on the south- 
west diagonally across to the main contact on the northeast. The 
boundary of the main diabase area crosses the northeastern of the 
two pits, which is said to have been the first mine opened in the Dills- 
burg field. These pits must have furnished a very large amount of 
ore. In 1873 a shaft was sunk in the bottom of the eastern pit (Der- 
rick shaft), and is said to have passed through 25 feet of diabase and 
28 feet of ore. The ore body is known to have been worked for a 
distance of 250 feet northeast of the shaft and it probably connects 
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with the ore worked in the three deep mines lying immediately to the 
north. Between the open pits and the Underwood slope the ore bed 
apparently lies very flat. Limestone was encountered in the work- 
ings from the Derrick shaft. 

About COO feet northwest of these pits there is another large pit, 
the longer axis of which trends northeastward, nearly parallel with 
the diabase contact, which lies about 50 feet to the southeast. Waste, 
apparently derived from these workings, contains limestone and 
masses of garnet rock. A shaft was sunk about 50 feet beyond the 
southwest end of the pit, but whether or not ore was mined from this 
opening is not known. 

Farther north there are two large pits between the one just de- 
scribed and the McCormick property line. In both of these the 
strike of the ore bed is slightly south of east. Nothing can be seen 
of the rocks which inclose the ore and it is not known to what depth 
the deposit was excavated. 

Between the three western pits of the Underwood group and the 
edge of the diabase mass many small ore pockets were mined out at 
the surface, but the only important excavation in this part of the 
tract lies in the angle of the diabase boundary, about 300 feet south 
of the big McCormick pit. In the northeast corner of this excava- 
tion thin-bedded layers of baked sandstone may be seen dipping 
N. 80° E. at an angle of about 20°. The ore evidently passes under 
this sandstone, which therefore lies between the ore and the diabase 
seen on the east side of the pit. 

Of the three deep mines on the Underwood tract which remain 
to be described, the oldest was opened by the so-called Underwood 
slope, the position of which is shown on the maps (PL XX and fig. 19). 
The following notes on this mine are condensed from Frazer's 
report : ^ 

The slope sinks due north at an angle of 28°. Ore was not fol- 
lowed from the surface, but was reached at a depth of 26 feet. Dia- 
base is exposed at the mouth of the slope, and the ore, where first 
encountered, is said to have been 18 feet thick. The dip of the ore 
beds is steeper in the lower workings than in the upper part of the 
mine. The foot wall is sandstone intermixed with limestone; the 
hanging wall is diabase. The distance between the walls varies 
from 6 to 30 feet. Three levels have been opened. On the first 
level, at 120 feet, drifts extend 100 feet east and west of the slope. 
The second level, at 180 feet, was opened 90 feet east and west, and 
the third level, at 200 feet, was opened 110 feet east and 120 feet 
west. The ore body was developed by raises about 20 feet apart, 
extending from level to level. 

« Second Geol. Survey PernisyWanla, Rept. CC, 1877» pp. 207-208, 
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Apparently referring to this same slope, D'Invilliers states in his 
1886 report " that the workings were carried down 500 feet but were 
abandoned. He also says that the slope was carried down with the 
true hanging wall (that is, diabase) on top; but within a compara- 
tively short distance the bed forked into an upper and a lower seam, 
with a wedge of slaty sandstone between. The gangways driven east " 
from the slope showed the ore being rapidly cut out by the con- 
vergence of the walls, and the drifts were continually kept turning 
toward the northeast in order to keep within the ore body. The 
best ore is said to have occurred near the place where the bed 
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pinched; and where the bed is thickest the ore is mixed with slaty 
limestone layers and carries iron pyrites. 

In April, 1887, the mine was worked by a shaft 96 feet deep which 
is said t« have passed through three ore beds — the first at 38 feet, 
7 to 8 feet thick and rather lean; then 14 feet of sandstone; 8 feet 
of good ore; 26 feet of sandstone; and the bottom ore bed, 15 to 20 
feet thick. These extensive workings lie entirely east of the old 
slope. As in the other mines, the foot wall is a hard white cal- 
careous sandstone, and the hanging wall is diabase; but between the 

■Ann. Kept. Geol. Survey Pennsylvania tor 1888, pt. 4, 1887. p. 1508, 
'This word Is west In the original, but the concurrence of the worda "west" and 
" aorthweBt " Id this BenteDce makes it unintelligible as it Btaads. 
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walls lenticular masses of sandstone and slate wedge into the ore 
body. It is no doubt due to the swelling of such wedges that the 
three IkhIs of ore w^ere found in the shaft. The middle bed, which 
has l)een somewhat largely developed, is said to lie between beds 
of altered sand rock. In the lowest bed immense chambers have 
l)een opened where the ore swells locally; but where the bed is 15 
to 20 feet thick it contains seams of limestone and bowlders of barren 
rock. The two upper l)eds are regarded as splits from the lowest or 
main bed. The mine may have furnished from 20,000 to 25,000 tons 
of ore, averaging 40 per cent of iron. 

The last mine opened on the Underwood tract is described by 
D'Invilliers ^ under the heading " Longnecker mine," a name now ap- 
plied to the mine on the Ijogan tract. The writer was not able to 
determine the location of this opening, which is said to lie a little 
east of the Underwood mine. 

According to DTnvilliers, the shaft is 95 feet deep and the slope 
extending from its bottom has reached the McCormick line and is 
j)robably from 400 to 450 feet long. On the east four gangways 
have been driven toward the Longnecker mine, and from the bottom 
of the slope a gang^vay has been driven 150 feet west toward the 
Underwood mine. About 50 feet from the slope, in a stope above the 
west gangway, the ore in places is 20 to 30 feet thick. No new 
features are presented in this mine, and it may be considered that the 
ore is an extension 400 feet farther to the east of the Underwood 
bed. It may be, however, that there are two ore lenses which overlap 
each other. 

The apparent relations of the ore and the diabase, so far as they 
may be judged from the recorded descriptions of the Underwood 
slope, are illustrated in the cross section (fig. 19). 

The ])osition of the section is 90 feet east of the Underwood slope 
and its direction is north and south. 

Lotif/ttec/cer mhic, — The mine now known as the Longnecker was 
formerly called the Logan mine. It was opened by the owner of 
the property, J. N. Logan, in 1874. The shaft was located from 
dip-needle indications, but 27 feet of diabase was penetrated before 
the ore was cut. Diabase soil and bowlders cover the surface near 
the mine, and it is evident that the ore must lie beneath the mass of 
this rock. Material on the mine dump shows that limestone con- 
glomerate is present in the workings. 

The ore bed is said to have been 20 feet thick at the shaft and to 
have averaged 10 feet in the mine. From the bottom of the vertical 
shaft, 51 feet deep, a slope toward the north starts at an inclination 
of 28°, but flattens somewhat as depth is attained. Mr. Logan 

« Op. clt., pp. 150^-1510. 
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stat^ that the workings extend about 300 feet north of this shaft 
and that the east drift of the lowest level is 190 feet long. The ex- 
tent of the workings in 1885 is shown by the plan (fig. 20). Con- 
siderable work has been done since this survey was made. The 
vertical section which accompanies the plan does not correspond 
with the relations as they ai-e stated above, but it is reproduced as 




Via. 20. — Plan and ( 
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:oaa section of Longnecker mine, on I.ogan 
From Ann. EepI Second Geol Survey 
lS8f>. p. 068. 



originally drawn. From the inclination of the slope the ore bed 
should outcrop about 50 feet south of the shaft, but at this place 
the surface rock is undoubtedly diabase. The map shows that the 
undergiound workings reach a point fully 100 feet south of the 
shaft, so that the under side of the diaba.se must lie nearly flat south 
and southwest of the shaft, as it does in the ground south and south- 
east of the Undei'wood slope. In tUe vicVni.i'^j oi ^ive. %W^ '^'*,'t«(*si«v 
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of the diabase takes an abrupt dip toward the north, as in the Un- 
derwood mine, so that both the Longnecker shaft and the Under- 
wood slope appear to have penetrated the ore bed just at the angle 
where the steeper dip begins. 

The very considerable extent of the ore bed shown by the Under- 
wood and Longnecker workings furnishes a strong reason for be- 
lieving that the Logan tract offers good ground for further develop- 
ment. The Underwood tract seems to have been completely worked 
out, though from the statement that the Longnecker workings ex- 
tended north to the McCormick line it seems possible that the same 
bed of ore continues into the McCormick tract. A consideration of 
all the deep mines of this vicinity, however, suggests that the actual 
trend of the ore is toward the northeast, so that future discoveries 
are more likely to be made in the Logan tract than elsewhere. The 
boring which was made in the McCormick pit appears to be not 
deep enough to reach the extension of the Underwood ore. It is 
reported that a boring was made about 1,500 feet north of the 
Longnecker shaft, but no record of this work is available. 

McCormick mines, — On the McCormick tract, situated north of the 
Underwood tract, there are three large pits and several small open- 
ings, all of which were abandoned before 1875. No large masses of 
diabase are present near most of the excavations, but the largest pit 
is situated at the western edge of the main diabase, about 200 feet 
north of the pit in the angle of the diabase boundary on the Under- 
wood tract. This large pit is said to have been opened about 1850, 
and it is apparent from the fact that its area is nearly 12,000 square 
feet that it must have furnished a large amount of ore. The size of 
the vein is not recorded, but the longer axis of the excavation trends 
somewhat north of east, showing that the strike of the ore bed is in 
that direction. The position of the slope by which the mine w^as 
worked indicates that the strata have the usual dip toward the north. - 

Frazer states'* that a shaft was sunk from the bottom of the pit to 
a depth of 140 feet, and that about 100 feet north of the pit a 20-foot 
slope was put down 60 feet on the vein of ore, which was 4 feet thick 
at the bottom. He gives the following record of a drill hole in the • 
large pit : ^ 

Record of hore hole A o. 5, sunk in McCormick d Co.'s old hank. 

Feet. 

Soil . 8.84 

Green sandstone -17 

Iron ore •17 

Gray sandstone 4.50 

White sandstone 6.17 

Reddish-green sandstone 12.08 

« Second Geol. Survey Pennsylvania, Rept. CC, 1877. p. 214. » Op. cit., p. 216. 
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Feet 

Black (?) trap 23.07 

Gray sandstone 3.25 

Iron ore 3.25 

White sandstone 5.00 

Iron ore 1.33 

White sandstone _* 11. 00 

Limestone and flint 6.00 

Limestone and fire clay 10.00 

Red sandstone . .14.00 

Green sandstone 4.00 

White sandstone 9. 00 

Green sandstone 3.00 

Iron ore 2.00 

Sandstone 2.00 

Sandstone and ore 3.00 

Limestone and flint ^ 6.50 

Ore and sandstone .50 

Green sandstone 5.00 

White sandstone 5.00 

Green sandstone 6.00 

White sandstone 1. 00 

Gray trap -^ 2. 00 

White sandstone 2. 00 

Limestone 3. 00 

Gray sandstone 4.50 

Red sandstone 4.00 

White sandstone 4. 00 

Red sandstone 1.00 

White sandstone 4.00 

Red sandstone 3.00 

White sandstone 4.50 



187. 83 

It is evident from the above record that the mass of diabase which 
outcrops east of the pit does not dip beneath this ore body. The con- 
tact of the diabase with the stratified rocks might be supposed to be 
highly inclined and strongly crosscutting, except for the fact that 
about 400 feet toward the southeast, at the bottom of the Longnecker 
slope, the lower surface of the diabase is not more than 200 feet deep. 
It seems probable, therefore, that this lower surface dips rather 
gently toward the east or northeast. The most likely situation for 
a continuation of the ore body would be where the northward-dipping 
strata meet the eastward or northeastward dipping bottom of the 
diabase. 

Though the drill-hole record shows thin layers of ore at five hori- 
zons and limestone at three horizons, it is not likely that strata equiva- 
lent to those containing the ore in the Underwood deep mines have 
been reached. If these beds continue with the same dip that they 
have in the Underwood slope, their position would be about 450 feet 
from the surface beneath the McCormick pit. 
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The second McCormick pit is a long, narrow excavation situated 
just north of the property line, about 200 feet farther west. (See 
fig. 21.) Nothing is known of this ore layer beyond^ the fact that it 
strikes slightly north of west. The pit is about 50 feet north of the 
nearest Underwood pit. 

The McCormick long cut lies about 300 feet northwest of the large 
pit and 230 feet north of the excavation last mentioned. Though 
there are some small openings beyond, the long cut is the northern- 
most of the formerly productive mines of the Dillsburg field. The 
ore bed was opened for a distance of 325 feet along the strike and 
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Fio. 21. — Sketch map showing situation of pits and test holes on 

McCormick tract, Dillsburg. 

small openings were made at several places west of the main cut 
The following notes are taken substantially from Frazer : ® 

A dolerite, which occurs in this mine at the surface and appears 
to constitute the top rock of the ore, dips N. 5° W. from 27° to 34°. 
Two slopes were driven to find the ore. The upper one followed 
the vein in between well-defined walls at a normal angle to the incli- 
nation of the sandstone layers. The upper sandstone was continued 
in the deep, but the foot wall was cut out by a dike of diabase. The 
lower slope, of about 30° to 45°, was continued for 180 feet and passed 
through the ore, which appeared to be a very irregular deposit. In 
1875 it was nearly exhausted. 

« Second Geol. Survey PenivsyWaivVa., U^^t.. C,C,, \%11, ^, *I\^. 
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Near the west end of the cut, fine-grained baked sandstone may be 
seen to form the hanging wall, but no evidence was found on the sur- 
face that diabase is present near the mine. The sketch map (fig. 21) 
shows the position of the several bore holes, the records of which, 
here given, are taken from Frazer:* 

Record of hore hole No, i, north of McCormick long cut. 

Feet 

Clay ^__ 4 

Sandstone 8 

Clay L 2 

Bastard limestone 9.5 

Sandstone ^ 9. 5 

Trap 9 

Unknown, about 20 

Brown sandstone 12 

Iron ore ^ • 6 

Sandstone 4 

Lean iron ore 4 

88 

Record of hore hole No, 5, north of McComiick long cut. 

Feet. 

Clay 4 

White sandstone 6 

Red sandstone 7 

Trap 17. 5 

Black and green sandstone 4 

Brown sandstone 1 

Green sandstone 8 

White sandstone 1.5 

49 

Record of hore hole No, Jf, southeast of McCormick long cut. 

Feet. 
Clay 2 

Gray sandstone 8 

Red sandstone 7 

Unknown 10 

White sandstone 7. 5 

Greenish-white sandstone 6. 16 

White sandstone 6.41 

Green sandstone 2.83 

Red sandstone .50 

Black (?) trap 16.08 

White (?) trap 6.66 

Ore 1. 50 

White sandstone 22. 25 

Green sandstone 13.16 

Red and white sandstone 6.00 

116.04 

« Op. clt., pp. 21^-2.1^. 
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Hole No. 1, located about 110 feet north of the long cut, evidently 
l^enetrated the ore bed, which was mined from the surface. The rec- 
ord of hole No. 2 is not given. To judge from the known dip of the 
strata, hole No. 3, about 50 feet north of the cut, must also have passed 
through the horizon where the ore body should be, though no ore was 
reported. The O^-foot bed of limestone encountered in hole No. 1 
probably outcrops north of hole No. 3. The record of hole No. 5 is 
given on pages 88-89. 

The position of two small pockets of ore about 200 feet north of 
the east end of the long cut is indicated on the map (PL XX). A 
small quantity of ore is said to have been mined from a shaft 1,200 
feet northeast of the long cut in the northeast angle of the crossroads. 

The position of this shaft is very near the boundary of the main 
mass of diabase. 

Mr. Logan states that thin .seams of magnetite, or of specular 
hematite, have been found at several points in the fields of his home 
farm, about half a mile northwest of the McCormick long cut. In 
this vicinity there are several minor bodies of diabase, but the shales 
and sandstones are not generally baked, as they are in the neighbor- 
hood of the old mines. 

DIABASE INTRUSIONS WEST OF THE MINES. 

The present examination of the geologic features of the Dillsburg 
field has revealed the presence of several bodies of diabase on the 
western slope of the hill on which most of the old mines are situated. 
The intrusions, which are four in number, appear at the surface as 
narrow bands, and though the relation which they bear to the inclos- 
ing rocks can not be observed, they are probably sills, more or less 
closely conforming with the bedding of the rocks which incase them. 
One of the bands is the westward and northwestward extension of the 
two narrow strips of diabase which cross the wagon road just south 
of the Underwood pits and come together about 500 feet west of the 
road. Where the two forks merge the band is 250 feet wide, though 
it becomes narrower toward the west. Its observed length is about 
2,500 feet, but its western termination is not seen because of the deep 
soil in the meadows between the ore fields and Dillsburg. The three 
northern bands extend eastward nearly to the brow of the hilL The 
middle band runs northwestward for 800 or 900 feet, to a point where 
it appears to terminate, though this is not certain, for the surface 
debris in this vicinity is greatly mixed. The other bands may be 
traced toward the northwest until they are lost under the meadow 
soil. The northernmost band may be followed nearly to the wagon 
road, as shown on the map (PI. XX). 

On page 94 reasons are given in support of the suggestion that beds 
of limestone conglomerate which occur in the vicinity of Dillsburg 
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may extend eastward and underlie the meadows between the town and 
mines. If any such continuity of conglomerate layers actually ex- 
ists, they must traverse the ground occupied by the four diabase sills. 
From what has been learned concerning the geology of the Dillsburg 
deposits, it seems that the possibility of beds of limestone conglom- 
erate being locally in contact with these intrusions makes all of this 
ground worthy of careful exploration. The absence of ore indica- 
tions in the soil can not be considered conclusive evidence against the 
existence of ore bodies, as the ore is known to break down completely 
under long-continued action of the weather, and as on the hill slope 
the earthy material resulting from the superficial disintegration of 
an ore body would be hidden more completely than on nearly level 
ground because of the gradual downhill movement of the rock frag- 
ments and soil. 

PRACTICAL CONCLUSIONS. 

A practical question to which an unqualified answer can not be 
given is whether or not deposits of magnetic iron ore may yet be 
found in new localities in the Dillsburg district. It seems unlikely 
that new ore bodies will be discovered from surface showings encoun- 
tered in tilling the soil, as in the earlier days of the district. Four 
of the ore bodies have been discovered by irieans of the magnetic dip- 
ping needle, and others may yet be found in the same way. In this 
connection, though no magnetic observations were made during the 
present investigation, it may be pointed out that in using tile mag- 
netic needle difficulties may arise from the attraction due to masses 
of diabase, for it is well known that this rock possesses magnetic 
properties in certain places. On the other hand, it seems possible 
that there may be ore bodies which the needle will not detect. 

Whatever may be the truth on the foregoing points, their considera- 
tion is secondary to the understanding of the geologic features of the 
district, the presentation of which is the object of this report. From 
a purely geologic standpoint, deposits of ore like those which have 
already been worked might be expected to occur west of the ore fields 
along the borders of the several diabase intrusions near Dillsburg. 
The particular feature which distinguishes this part of the district 
and makes it seem more likely that ore deposits may be present here 
than at other places in York County where large masses of diabase 
occur is the existence of beds of limestone conglomerate. This rock 
is so closely associated with the ore bodies of the mines already 
worked that its presence must be regarded as one of the favorable 
conditions for ore occurrence, and where it comes into contact with 
diabase the chances for finding ore seem worthy of attention. 

The mile- wide band of diabase which runs east and west just 
south of the ore fields narrows somewhat and assumes a northwest- 
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erly trend about 1 mile southeast of Dillsburg. The southern part 
of the town is underlain by tho mass of intrusive rock, but here 4:he 
band makes another turn, this time sharply toward the southwest, 
and it continues in this general direction for about 8 miles to its ter- 
mination a mile or more northwest of York Springs. Southwest 
of Dillsburg minor indications of ore have been found at several 
points along the borders of this intrusion, and at two places small 
bodies of ore have been mined, as already noted. It is not possible 
to show the presence of limestone conglomerate at any of these 
places, though outcrops at several points show that beds of the rock 
are present beneath the low meadows between Dillsburg and Beaver- 
town. There can be little doubt that the limestone conglomerate and 
diabase actually come together in several places, though the contact 
may lie some distance beneath the surface. 

On the geologic map (PI. XIX) the position of known outcrops of 
limestone conglomerate has been shown. At the quarry beside the 
Dillsburg- York Springs road, 1 mile southwest of Dillsburg, a heavy 
bed of the conglomerate dips toward the southeast, so that if the dia- 
base, which lies east of the road, is a crosscutting mass, as seems likely, 
the stratum should come into contact with the igneous rock in this 
direction. Though baking of the sediments does not extend as far 
as the quarry, the presence of ore at the surface one-fourth mile to 
the south shows that solutions capable of depositing iron were active, 
and the chances that the conglomerate bed is mineralized at the con- 
tact seem worthy of consideration. 

One mile southwest of the quarry mentioned in the foregoing 
paragraph, limestone conglomerate has been exposed at the eastern 
base of the diabase hill along an abandoned railroad grade. Here 
a considerable degree of metamorphism is shown by the presence of 
silicate minerals in the conglomerate, but no iron minerals have been 
introduced. The absence of ore in this place is possibly to be charged 
to the small size of the diabase intrusion lying immediately west. 

It is impossible to discover the attitude of the strata between the 
outlying body of diabase just mentioned and the long dike which 
extends southwest of Dillsburg, but the rocks are much baked as the 
edge of the dike is approached, and beds of limestone conglomerate 
are likely to exist beneath the surface debris. In the event of a suc- 
cessful outcome of future explorations in other localities, it may yet 
be thought desirable to determine whether or not limestone conglom- 
erate occurs in the vicinity of this southwest dike, and if it is found, 
to explore those })laces where it is likely to come into contact with the 
diabase. The existence of ore at the Bender mine and of ore indica- 
tions about half a mile southeast of that opening shows at least that 
mineralizing waters were active in the neighborhood. 
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The dike or sill of diabase which crosses Dogwood Run northwest 
of Dillsburg has been traced in a northwesterly direction and 
found to connect with the wide intrusion south of the Grantham 
mines. Exposures of limestone very near the diabase are seen in the 
wagon road near the gristmill, in a railroad cutting near the upper 
end of the mill pond, and along the creek above the pond. 

The attitude of the main diabase mass can not be made out, but 
in the railroad cutting it is evident that the limestone is cut across by 
several irregular intrusions of the igneous rock. The limestone 
where seen is not greatly metamorphosed, though the lack of red 
color in the soil indicates that the associated shales and sandstones 
are considerably altered. The diabase mass forms a prominent hill 
lying north and west of the creek, and from the contour of this hill 
it is judged that the intrusion does not form the floor of the broad 
valley east of Beavertown. In the area between the diabase hill and 
South Mountain there are no rock exposures, except in the quarry 
above Beavertown. This opening has been made about a sink, and 
50 feet of limestone conglomerate has been exposed. Other sink holes, 
extending in a northeast direction, suggest that the same stratum 
continues for fully a mile in a northeasterly direction along the edge 
of the Mesozoic belt. Beds of conglomerate may come into contact 
with the diabase beneath the deep mantle of soil on the west and 
northwest slopes of the hill, so that this ground may be worth pros- 
pecting. 

In the neighborhood of Dillsburg the body of diabase which has 
been under consideration lies well within the Mesozoic area, but 2 
miles north of town it lies between Mesozoic strata on the southeast 
and Paleozoic limestone on the northwest. In a limestone quarry 
one-half mile south-southeast of the D. and M. Junction the limestone 
and diabase are seen almost in contact. The fact that the limestone 
shows no evidence of having been affected in any way by the diabase 
suggests that in this place the two rocks have been brought together 
by a fault. Though this structure can not be proved from the features 
to be seen in this quarry, there are strong reasons for believing that 
the boundary between the Mesozoic area and the older rocks of the 
valley and of South Mountain is formed by a profound fault for at 
least 25 miles southwest of the Susquehanna and for some distance 
east of that river. The probability that this fault exists and that 
movements have taken place along it since the intrusion of the diabase 
removes the contact with the Paleozoic limestones from consideration 
as a place in which ore bodies are to be expected. 

Inasmuch as it is wholly impossible to estimate the thickness of 
the Mesozoic strata in the vicinity of Dillsburg or to judge either the 
distribution of the rocks which li^ belpw th^§e beds QY the subter- 
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ranean forms and courses of the intrusive mass of the diabase, no sug- 
gestions can be made concerning the possibility of ore deposits being 
present beneath the Mesozoic formations. 

GRANTHAM MINES. 

On the south side of Yellow Breeches Creek, near Grantham cross- 
ing, are situated three old mines, known as the Landis or Fuller, the 
Porter, and the Shelley. Outcrops in the railroad cuts and material 
on the mine dumps show that the deposits at this place occur in 
Mesozoic strata, which include beds of limestone conglomerate. 
North of Yellow Breeches Creek the bed rock is Paleozoic limestone, 
and just south of the mines diabase appears. This diabase is part 
of an intrusive mass of important size, extending westward and 
southwestward to the vicinity of Dillsburg and eastward for 4 miles 
or more to join a great mass of the same rock which forms the group 
of high hills between Dillsburg and Mount Airy. Just south of 
Grantham the intrusion is about 1 mile wide. Eastward from Rose- 
garden, its northern boundary is an irregular, waving line, which has 
not been traced in detail beyond Grantham. Near the mines the 
strata adjacent to the diabase are undoubtedly considerably dis- 
turbed, as is indicated by varying dips in the old workings. It 
seems, however, that the average ore-bearing beds decline gently 
toward the south and pass beneath the diabase, so that the latter 
forms a general hanging wall over the deposits. The Landis and 
Porter openings are situated just at the edge of the diabase, and at 
the Shelley mine a shaft is said to have penetrated diabase lying 
just above the ore. One mile up the railroad track from Grantham, 
at Rosegarden, diabase is seen along the tracks, and one-third mile 
farther west Paleozoic limestone appears only a short distance be- 
yond the last outcrop of the igneous rock. Here, then, the diabase 
comes into contact with the older rocks. In the field south of the 
railroad debris revealed by gullies cut into the hill slopes shows the 
presence of sandstone beneath the diabase. These sandy beds can 
continue toward the west for a short distance only, for undoubted 
Paleozoic limestone is again observed very near the diabase on the 
highway just south of the crossroads. In the valley of the small 
brook which joins the creek at Rosegarden is an old prospecting 
shaft, situated at the south edge of the diabase mass. No indications 
of ore are to be seen in the material on the dump, but the amount 
of material thrown out indicates that considerable work was done 
at this place. The rock excavated is mainly a hard baked shale. 

Northeast of Grantham, on the north side of the creek, is a mass of 
diabase which may have been separated from the main mass by the 
erosion of the creek channel. On the south side of this mass, in the 
wooded ravine about one-half mile east oi the railroad, there is an old 
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prospect pit in which baked sandstone occurs. Along the railroad 
track the diabase is to be seen in contact with Paleozoic limestone, 
but as the latter is not notably metamorphosed at this place it is 
thought that the contact is not an intrusive one, but that a fault has 
brought these two rocks together. This suggestion brings up the 
general structural problem presented by the northerly boundary of 
(he Mesozoic belt throughout the State, discussion of which will 
not be attempted here. 

In the fact that they occur between beds of limestone conglomerate 
and overlying diabase the ore deposits near Grantham resemble sev- 
eral of the deposits of the Dillsburg group, the same relation being 
observed in the Underwood, Longnecker, Jauss, Price, and Logan 
workings. 

In the absence of any adequate data concerning the amount of iron 
ore that has been extracted from these mines and the degree of per- 
sistence shown by the ore bodies in the ground opened, it is difficult 
to judge whether prospecting in the vicinity for other deposits would 
be advisable or not. From a purely geologic standpoint conditions 
similar to those existing near the known ore bodies may be supposed 
to extend for a considerable distance both east and west of the old 
openings. The place to look for ore is evidently just beneath the 
diabase, and where conglomerate is present under the igneous rock 
ore is likely to be found. The most feasible way to make a test is by 
a line of drill holes located just within the boundary of the diabase 
area. Perhaps the most attractive scheme of prospecting would be 
to determine by means of the drill whether or not the deposits already 
known extend beyond the old workings in the direction of the dip. 

The following data concerning the three old mines at Grantham 
are condensed from Frazer's report:** 

The Landis mine was opened about 1863. A tunnel from the rail- 
road and close to the banks of the creek enters a steep bank due 
south for 200 feet. Two drifts lead off west and east of the main 
tunnel. The hanging wall is diabase, dipping 24° N. 25^ W. 

Operations at the Porter mine were begim in 1855. In 1875 the 
excavation was reported to be about 40 feet deep and 14 feet below 
the water in Yellow Breeches Creek. Ore was loaded from the 2)it 
into carts. The ore bed is said to have been from 3 to 6 feet thick, to 
have been opened for 25 feet along the strike, and to have dipped 30° 
toward the creek. 

At the Shelley mine 20 feet of diabase is reported above the ore. 
The ore bed was 10 feet thick and rested upon " Potomac marble " — 
that is, upon limestone conglomerate. 

"Second Oeol. Survey Ton n sylvan ia, Rept. CO, 1877, pp. 220-222. 
54370— Bull. 359—08 7 
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Frazer regarded the inclosing rock of the Porter ore as probably 
Paleozoic limestone. Though the rock exposed in the near-by cut- 
ting along the railroad was thought by him to be "Auroral lime- 
stone," the present writer is confident that it is limestone conglomer- 
ate belonging to the Mesozoic belt. These strata dip toward the 
south at a low angle. A thin sill of diabase is seen in contact with 
the calcareous rock, which is considerably metamorphosed. 

The following notes are given by D'Invilliers : «» 

The old Fuller or Landis mine is owned and worked by Mr. 
Shelley, who states that a shaft 80 feet deep passed through diabase 
to a chimney-shaped bed of ore dipping north-northeast. The same 
ore was struck 100 feet farther east by a 40- foot shaft, in which the 
ore also dips toward the creek. According to Mr. Shelley, there are 
four or five beds here, separated by short intervals of hard rock of a 
white color, and not unlike a baked slaty sandstone. In April, 1887, 
preparations were being made to sink on the outcrop of a lower bed 
showing about 100 yards south of the shaft. 

Immediately across a narrow ravine to the east of this opening a 
large amount of ore was formerly raised by Mr. Fuller, and the 
operation is supposed to have been stopped owing to the occurrence 
of " Potomac marble," which cuts out the ore for a considerable ex- 
tent through the mine and along the railroad. This rock shows 
largely through the field and along the track, where an abandoned 
cut developed a large body of soft surface ore, resulting from the de- 
composition of the bed, 5 to 8 feet thick, which was encountered in 
the bottom of the pit. Mr. Shelley says that there are 13 acres in 
this property through which no pinching in the ore beds occurs, so 
far as developed. 

MINES SOUTHWEST OF WELLSVILLE. 

The so-called "Minebank" workings are situated about 2 miles 
southwest of Wellsville, and about 6^ miles from the northwest 
boundary of the Mesozoic belt (PI. XIX). The most prominent 
feature in the local geology is a mass of intrusive diabase, which 
appears at the surface in an elliptical area about 2^ miles long and 
1 mile wide. This diabase is surrounded by shales and sandstones 
which are bleached and baked in the vicinity of the igneous rock. 
The general strike of the strata is northeast and southwest, and dips, 
wherever observable, are toward the northwest, usually at moderate 
angles. 

The " Minebank " deposit appears to be a layer conforming to the 
strata by which it is inclosed. It has been opened by a series of pits 
and shafts extending from southwest to northeast for a distance of 
about 1,000 feet along the strike of the outcrop, and indications of 

"Ann. Kept. Geol. Survey TenivsylvaiiVa lox \%%^, ^V. \, \^%?l,^^. 1513-1514. 
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ore were found in explorations beyond the northeastemmost and 
largest mine, which is situated back of the schoolhouse. Although a 
narrow dike of diabase is said to have been encountered in one of the 
mines, the main intrusion lies some distance northwest of the ore 
cropping. The dip of the strata which inclose the ore is toward the 
diabase. The waste to be seen on the mine dump consists mainly of 
baked shale and fine-grained sandstone. Specimens may be seen in 
which joints crossing the stratification contain films of micaceous 
hematite. Lumps of solid ore may be found composed either of 
hematite and magnetite together, or of hematite alone. Some of the 
micaceous ore, which looks like specular hematite, yields a black 
powder instead of the red powder, which is characteristic of hematite, 
and is attracted by the magnet. A mass of similar ore is reported to 
have been mined out years ago from one of the Phoenix mines at 
Boyertown. Several blocks were noted which were composed of crys- 
talline limestone and specular hematite with a sprinkling of chal- 
copyrite. A study of this material leaves little doubt that the iron 
mineral has been deposited through some process of chemical substi- 
tution. From the presence of the limestone it may be thought that 
the ore layer was formed by the replacement of a limestone stratum 
interbedded with the shales and sandstones which are the common 
rocks of the region. Whether this be true or not, there can be little 
doubt that the ore was introduced through the agency of hot water 
or gases, impelled by the adjacent intrusive mass of diabase. From 
the description given below it appears that the mineralizing solutions 
followed the narrow dike or sill of diabase which was encountered 
in the mine. Though showings of ore have been reported at several 
places in the vicinity of the large diabase mass, no minable body of 
ore has been discovered aside from the one at Minebank.** 
The following data are abstracted from Frazer's report : ^ 
Ore was first discovered in the vicinity of the present workings 
about 1805. Prospecting in 1872 led to the opening of the Altland 
shaft, which passes through 5 feet of soil, then 25 feet of light- 
greenish hard sandstone, below which a 6-foot bed of micaceous ore 
was encountered. Beneath the ore was blue to gray sandstone, sim- 
ilar to that above except for being harder. The ore was followed by 
a slope until a diabase dike was encountered. The dip measured* on 
the sandstone is 31° to 35° N. 30° W. A second shaft was sunk in 
the same year, about 120 feet north of the first. In 1875 the gang- 
ways along the ore had a total length of about 500 feet. The ore lies 
between the sandstone in regular layers, varying from 6 inches to 
7 feet in thickness, with occasional sandstone partings. It is in many 
places found cutting into the diabase. The boundary between the 
latter and the sandstone is very clearly defined. Ore had been found 

" Second Geol. Survey Pennsylvania, Rept. CO, 1877, pp. 231-238. 
"Op. cit, pp. 235-236. 
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on the northwest side of the dike, but up to 1875 not in paying quan- 
tities. Sixty feet down the slope and 50 feet northwest of it both 
the sandstone and the diabase dip 30° XW. The diabase is here 4 
feet thick. Thirty feet north of the shaft, 2 or 3 yards of rock in 
contact with the dike showed no ore, but the vein had been proved 
from this point to the surface. The ore is very micaceous. 

BENDER MINE. 

Near the York Springs road, about a mile southwest of Dillsburg, 
are two old pits from which iron ore was formerly extracted. One of 
these is situated east of the road, very near the boundary of the in- 
trusive diabase, at the south end of an embayment of sedimentary 
rocks. No exposures of rock in place are to be seen near this open- 
ing, but limestone conglomerate and red sandy shale occur in the 
quarry beside the road less than one-fourth mile to the north. The 
mine is reported to have been a small one. The second mine, known 
as the Bender property, is located about one-fourth mile farther 
southwest, on the west side of the wagon road. This deposit is said 
to have been opened in 1849, in which year 200 tons of ore was ex- 
tracted. In 1873 about 80 tons of ore was mined from a so-called 
pocket averaging 5 feet thick, lying under 7 feet of stripping. The 
mine was worked entirely by open pit." 

In the neighborhood of the Bender pit irregularly shaped masses 
of extremely hard and dense green rock may be found lying upon 
the surface or embedded in the soil. This flinty material is a much 
baked sedimentary rock, probably a limy shale or impure limestone 
in its original state. Some of the specimens examined are composed 
almost entirely of massive garnet; others contain considerable col- 
orless pyroxene. Bowlders of this rock may be found in an area 
300 to 400 feet long and about 100 feet wide. Soil derived from dia- 
base is present on all sides of this patch, so that the strata with which 
the ore is associated evidently form an isolated mass, surrounded by 
the intrusive rock. The localitv is near the west side of the diabase 
intrusion, here about one-half mile wide, which runs northeastward 
to Dillsburg and thence southeastward and eastward to join the great 
mass which forms the group of high hills between Stevenstown and 
Mount Airy. Southwest of Dillsburg this band of diabase has been 
followed for about 8 miles. 

Flinty rock like that described above occurs on the east side of the 
diabase about a mile south of the Bender pit, but in this vicinity indi- 
cations of ore are not known to have been found. From the occur- 
rence'of limestone conglomerate in the valley west of the Bender mine 
it seems possible that a bed of this rock may have been replaced in 
the formation of the ore deposit. 

« Second Geol. Survey rennsy\\aTv\a, Ue\>\. ec, \%'\'\, ^, Tl^. 
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